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CRH RESPONSIVE GENES IN CNS 



The present invention relates generally to therapy and diagnosis of 
depression. In particular this invention relates to the polypeptides as well as to the 
polynucleotides encoding these polypeptides, wherein said polypeptides are shown 
to play a central role in mediating the cellular response to corticotropin releasing 
hormone. These polypeptides and polynucleotides are useful in the diagnosis, 
treatment and/or prevention of depression. 



BACKGROI Tl fln OF THE TNVENTION 

Recent socioeconomic analyses found that depression is a leading cause of disability 
and a major risk factor for development of other diseases. Moreover, on a world-wide 
scale depression is underdiagnosed and undertreated. Current antidepressant drugs have 
proven to be effective, but are burdened with slow onset of action and side effects. 
Above this, it is still unclear by which pharmacological mode of action they exert their 
clinical effects. Hypothesis-driven research based upon the corticosteroid receptor 
hypothesis of depression has led to a novel concept focusing on brain neuropeptide 
receptors, specifically the corticotropin-releasing hormone (CRH) receptor as drug 
target. 

Corticotropin releasing hormone (CRH), a 41-amino acid polypeptide plays a central 
role in the regulation of the hypothalamic-pituitary-adrenal axis, mediating the 
endocrine responses to various stressors. Hypothalamic neurons release CRH into the 
hypophyseal portal system hf response to stress, stimulating the secretion and 
biosynthesis of pituitary adrenocorticotropin (ACTH) leading to increased adrenal 
glucocorticoid production (1). Several clinical and preclinical studies point towards a 
causal role for alterations in the CRH system in the development of depression (2). The 
first studies with CRH in humans showed that the ACTH response to CRH is blunted in 
depressed patients, reflecting a CRH receptor desensitization secondary to continuously 
increased hypothalamic CRH secretion (3;4). In support of blunted ACTH response as 
consequence of increased CRH release is the finding of elevated CRH levels in 
cerebrospinal fluid of patients with depression. Other findings strengthening this notion 
of CRH hypersecretion in the depressed state are an increased number of CRH secreting 
neurons and a decreased number of CRH receptors in suicide victims who suffered 
from depression (5;6). 
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For CRH two high affinity receptors have been described, CRH-R1 and CRH-R2, both 
of which exist in several splice variant forms. Activation of these receptors by CRH 
results in G s -mediated stimulation of adenyJ cyclase leading to increased levels of 
intracellular cAMP. This in itself will activate cAMP dependent protein kinase A 

5 (PKA) and ultimately result in increased cytosolic levels of cAMP and Ca 2 *. The 
increased levels of cAMP and Ca 2 * lead to the activation of several other additional 
kinases such as Ca 2+ /calmodulin-dependent kinase H (CAMKH) and p42/p44 mitogen 
activated kinases (MAPK). As a result the Ca^/cAMP response element binding 
protein (CKBB) is phosporylated and this in turn will regulate the transcription of genes 

10 containing cAMP response elements (CRE) in their promoter region. Examples of such 
genes shown to be involved in the modulation of CRH signaling include c-fos, 
macrophage migration-inhibitoiy factor gene Aft/, orphan nuclear receptors Nurr77 and 
Nurrl. 

Notwithstanding the fact that the downstream pathways for CRM. activated receptors 
15 were extensively studied and led to the identification of a number of genes involved in 
the signaling cascade, a major area is unexplored. It was thus an object of the present 
invention to explore the transcriptional response to CRH stimulation at a genome wide 
level in order to identify further genes involved in the corticotropin-releasing hormone 
receptor activated gene network. The polypeptides thus identified and the 
20 polynucleotides encoding said polypeptides provide new chances for drug development 
as drug targets through screening techniques, or are useful in the diagnosis, prevention 
and/or treatment of depression. 

25 TrairaP DESCRIPTION OP THE DRAWING 

Table I : Table of genes shown to be important mediators of CRH induced changes in 
the CNS. 

30 Figure It Expression levels of CRH-R1 in different mouse tissues. Quantitative RT- 
PCR was applied on tissues derived from three different animals for the brain regions. 

Figure 2: Spectral map analysis of microarray data obtained on all investigated brain 
areas. Squares depict different samples whereas circles depict genes. The diameter of 
35 the circle corresponds to the average intensity of a gene. Distances between squares are 
a measure for similarity between samples. A positive association of a gene with a given 
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sample (i.e. an upregolation of that gene in that particular sample) results in the 
positioning of the gene and sample on a common line through the centroid (indicated by 
a cross). Different areas are shown in the following order (A) cerebellum, (B) frontal 
cortex, (C) hippocampus, (P) nucleus accumbens, (E) temporal area, (F) pituitary. 

5 

Figure 3: HPA axis parameters in animals used for microarray analysis. Plasma CORT 
levels are 6 to 8 times higher in CRH overexpiessors compared to wild-type animals. 
No significant differences were observed in ACTH level6. 

10 

Figure 4: Microarray and quantitative RT-PCR data for genes implicated in 
glucocorticoid signaling. (A) Array data showing a downregulalion of 116- 
hydroxysteroid dehydrogenase type 1 (HSD1 Ibl) in hippocampus were confirmed 
using quantitative RT-PCR (levels normalized against fi-actin). (B) Array data showing 
IS a significant upregulation in hippocampus and frontal cortex of FKS06 binding protein 
S (FkbpS), a modulator of glucocorticoid receptor activation. (C) Array data on 
serum/glucocorticoid regulated kinase (Sgk) were confirmed by quantitative RT-PCR in 
frontal cortex. 

20 Figure 5: Microarray and quantitative RT-PCR data for neurotensin receptor 1 and 2. 
(A) Downregulation of neurotensin receptor 2 (Ntsr2) in CRH overexpiessing mice 
observed in hippocampus was established using quantitative RT-PCR. Levels of 
neurotensin receptor 1 (Ntsrl) were below detection limit in microarray analysis. (B) 
Quantitative RT-PCR however established a similar downregulation of Ntsrl in CRH 

25 overexpressors. In addition two-way ANOVA on qRT-PCR data shows a significant 
effect of vehicle treatment which apparently is abolished by treatment with R121919. 

typtatt m DESCRIPTION 

30 As used herein, the term "compound" or "agent" means a biological or chemical 

compound such as a simple or complex organic molecule, a peptide, a protein or an 
oligonucleotide. A "test compound" as used herein, refers to a "compound" or 
"agent" used in a method according to the invention to assess whether said 
compounds modulates CRH signalling activity. 

35 "CRH signaling" as used herein refers to the cellular changes in gene transcription 
after activation of the corticotropin releasing hormone receptor by CRH in said 
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cell. It thus induces a CRH specific gene expression profile. Changes at the 
transcriptional level can be assessed either at the protein level or at the gene, 
RNA level 

"CRH response activity" as used herein refers in general to the change of a 
5 detectable cellular parameter as a result of the exposure of said cell to CRH. 

Detectable cellular parameters include amongst others, changes in membrane 
potential, changes in enzyme activity of an enzyme that modulates CRH 
signalling a said ceU, changes in expression levels of a protein according to the 
invention or changes in the amount of second messengers such as cGMP, 
10 cAMPiCa^orllV 

*j The term "analog 5 * or "functional analog" refers to a modified form of mammalian 

purine permeases in which at least one amino acid substitution has been made 
such that said analog retains substantially die same biological activity as the 
IS unmodified mammalian purine permease in vivo and/or in vitro. 

"Sample 7 * or "Biological sample 9 ' as used herein refers tc cells, cell extracts, body 
fluids or tissue samples such as from,, blood, urine, .saliva, tissue biopsy or 
autopsy material- 

The term "functional analog 1 ' is intended to include the "fragments/* "variants," 
20 "degenerate variants," •'analogs" and "homolognes" or to "chemical derivatives" 

of the polypeptides according to the invention. Useful chemical derivatives of 
polypeptide are well known in the art and include, for example covalent 
modification of reactive organic site contained within the polypeptide with a 
secondary chemical moiety. Well known cross-linking reagents are useful to 
25 react to amino, carboxyl, or aldehyde residues to introduce, for example an 

1 affinity tag such as biotin, a fluorescent dye, or to conjugate the polypeptide to 

a solid phase surface (for example to create an affinity resin) 

Variants) of polynucleotides or polypeptides, as the term is used herein, are 
30 polynucleotides or polypeptides that cBJfer from a reference polynucleotide or 

polypeptide, respectively. A variant of the polynucleotide may be a naturally 
occurring variant such as a naturally occurring allelic variant, or it may be a 
variant that is not known to occur naturally, (1) A polynucleotide that differs in 
nucleotide sequence from another, reference polynucleotide. Generally, 
35 differences are limited so that the nucleotide sequences of the reference and the 

variant are closely similar overall and. in many regions, identical. As noted 
below, changes in ihe nucleotide sequence of the variant may be silent- That is, 
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they may not alter the amino acids encoded by the polynucleotide. Where 
alterations are limited to silent changes of this type a variant will encode a 
polypeptide with the same amino acid sequence as the reference. Also as noted 
below, changes in the nucleotide sequence of the variant may alter the amino 
5 acid sequence of a polypeptide encoded by the reference polynucleotide. Such 

nucleotide changes may result in amino acid substitutions, additions, deletions, 
fusions and truncations in the polypeptide encoded by the reference sequence, 
as discussed above, (2) A polypeptide that differs in amino acid sequence from 
another, reference polypeptide. Generally, differences are limited so that the 

10 sequences of the reference and the variant ace closely similar overall and, in 

many regions, identical, A variant and reference polypeptide may differ in 
amino acid sequence by one or more substitutions, additions, deletions, fusions 
and truncations, which may be present in any combination. 
The terms "complementary" or "complementarity" as used herein refer to the 

15 capacity of purine and pyrimidine nucleotides to associate through hydrogen 

bonding to form double-stranded nucleic acid molecules. The following base 
pairs are related by complementarity: guanine and cytosine; adenine and 
thymine; and adenine and uracil. As used herein "complementary 1 " means thai 
the aforementioned relationship applies to substantially all base pairs 

20 comprising two single-stranded nucleic acid molecules over the entire length of 

said molecules. "Partially complementary** refers to the aforementioned 
relationship in which one of the two single-stranded nucleic acid molecules is 
shorter in length than the other such that a portion of one of the molecules 
remains single-stranded. 

25 The term "conservative substitution** or "conservative amino acid substitution'* 
refers to a replacement of one or more amino acid residue(s) in a parent protein 
without affecting the biological activity of the parent molecule based on the art 
recognized substitutability of certain amino acids (See e.g. M. Dayhoff, Sa 
Atlas of Protein Sequence and Structure. Vol. 5, Sttpp, 3, pgs 345-352, 1978). 

30 "Fragment thereof* refers to a fragment, piece, or sub-region of a nucleic acid or 
protein molecule whose sequence is disclosed herein, such that said fragment 
comprises 5 or more amino acids, or iO or more nucleotides that are contiguous 
in the parent protein or nucleic acid molecule. 
"Functional fragment" ' as used herein, refers to an isolated sub-iegion, or fragment 

35 of a protein disclosed herein, or sequence of amino acids that, for example, 

comprises a functionally distinct region such as an active site for a receptor. 
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Functional fragments may be produced by cloning technology, or as the natural 
products of alternative splicing mechanims. 

The tetra "homolog" or "homologous" describes the relationship between different 
nucleic acid molecules or amino acid sequences in which said sequences or 
5 molecules are related by partial identity or similarity at one or more blocks or 

regions within said molecules or sequences. ""Isolated nucleic acid compound" 
refers to any RNA or DNA sequence* however construed or synthesized, which 
is locationally distinct from its natural location. 

A Nucleic acid probe" or "probe" as used herein is a labeled nucleic acid 
10 compound which hybridizes with another nucleic acid compound. "Nucleic 

acid probe" means a single stranded nucleic acid sequence that will hybridize 
with a single stranded target nucleic acid sequence. A nucleic acid probe may 
be an oligonucleotide or a nucleotide polymer. A **ptobe" will usually contain a 
detectable moiety which may be attached to the end(s) of the probe or be 
15 internal to the sequence of the probe. 

The term "primer" is a nucleic acid fragment which functions as an initiating 
substrate for enzymatic or synthetic elongation of, for example, a nucleic acid 
molecule. 

The term "hybridization* as used herein refers to a process in which a single- 
20 stranded nucleic acid molecule joints with a complementary strand through 

nucleotide base pairing. 

The term "stringency" refers to hybridization conditions. High stringency 
conditions disfavor non-homologous base pairing. Low stringency conditions have 
the opposite effect. Stringency may be altered, for example, by temperature and salt 
25 concentration, "Stringent conditions" refers to an overnight incubation at 42°C in a 
solution comprising 50% formamide, 5x SSC (750 idM NaCl, 75 mM sodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 10% dextran 
sulfate, and 20 fig/trH denatured, sheared salmon sperm DNA, followed by washing 
the filters in 0.1 x SSC at about 65°C. Further suitable hybridization conditions are 
30 described in the examples. 

"Lower stringency conditions'* include an overnight incubation at 37°C in a solution 
comprising 6X SSPE (20X SSPE = 3M NaCl; 02U NaH 2 P04; 0.02M EDTA, 
pH 7,4), 0.5% SDS, 30% formamide, 100 ng/ml salmon sperm blocking DNA; 
followed by washes at 50°C with 1 X SSPE, 0.1% SDS. In addition, to achieve 
35 even lower stringency, washes performed following stringent hybridization can 

be done at higher salt concentrations (e.g. 5X SSC). Note that variations in the 
above conditions may be accomplished through the inclusion and/or 
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substitution of alternate blocking reagents used to suppress background in 
bybridization experiments. Typical blocking reagents include Denhardtfs 
reagent, BLOTTO, heparin, denatured salmon sperm DNA, and commercially 
available proprietary formulations. The inclusion of specific blocking reagents 
5 may require modification of the hybridization conditions described above, due 

to problems with compatibility. 

The term "fusion protein" as used herein refers to protein constructs that are 
die result of combining multiple protein domains or linker regions for the purpose 
of gaining the combined functions of the domains or linker regions. This is may be 
10 accomplished by molecular cloning of the nucleotide sequences encoding such 
domains to produce a new polynucleotide sequence that encodes the desired fusion 
protein. Alternatively, creation of a fusion protein may be accomplished by 
chemically joining two proteins- 

The term "linker region" or "linker domain'* or similar such descriptive 
15 terms as used herein refers to polynucleotide or polypeptide sequence that aie used 
in the construction of a cloning vector or fusion protein. Functions of a linker 
region can include introduction of cloning sites into the nucleotide sequence, 
introduction of a flexible component or space-creating region between two protein 
domains, or creation of an affinity tag for specific molecule interaction. A linker 
20 region may be introduced into a fusion protein resulting from choices made during 
polypeptide or nucleotide sequence construction. 



Screening methods 

25 The present invention relates to screening methods to identify compounds that 

modulate cotticotropin-releasing hormone (CRH) induced depression and stress. It is 
based on the identification of a number of genes as downstream modulators of the CRH 
activated CRH receptors. In particular this invention provides a method for identifying 
a compound capable to alter the CRH signalling response in a cell, said method 

30 comprising; 

a) contacting said cell with CRH in the presence and absence of said compound; 

b) determine the change at transcriptional level of at least one protein that 
modulates corticotropin releasing hormone (CRH) signaling in said cell; and 

c) compare the transcriptional level of said protein in the presence and absence of 
35 said compound; 



# 
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whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEQ ID NO. 10, SEQ DO 
12, SEQ ID N0.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ 10 
NO.22, SEQ ID N0.24, SEQ ID N0.33, SEQ ID NO.35. SEQ ID NO.37, SEQ 
5 ID No.39 and SEQ ID No.4L 

To determine the change of transcription at the protein level one could 
determine the amount of said protein using art known techniques. For example 
using separation techniques such as isoelectric focusing or SDS-page in 

10 combination with protein staining techniques such as coomassie or silver staining. 
Alternatively, for proteins that are enzymes, the amount in a given solution or tissue 
extract can be measured or assayed in tenns of the catalytic effect the enzyme 
produces* that is the conversion of its substrate into reaction product For example, 
for kinases one may assess the kinase activity using a substrate comprising the 

15 kinase specific phosphorylation site and by measuring the phosphorylation of the 
substrate by incorporation of radioactive phosphate into the substrate. This a$$ay 
may be perfomed both in the presence and absence of the compound to be tested. 
For proteins that are not enzymes, other quantification methods are requited For 
example transport proteins can be assayed by their binding to the molecule they 

20 transport and hormones and toxins by the biological effect they produce. 

To assess changes in transcription at the gene level, RNA or cDNA may be used 
directly for detection or may be amplified enzymatically by using PGR or other 
amplification techniques prior to analysis. Preferably said analysis method comprises 
the use of a labelled oligonucleotide probe targeted to a suitable region of the gene 

25 encoding a protein that modulates CRH signalling in said cell. Accordingly, in a 

preferred embodiment the level of gene transcription is assessed using a probe which 
binds to a polynucleotide encoding an amino acid sequence selected from the group 
consisting of SEQ ID NO.IQ, SEQ ID 12 7 SEQ ID NO-14, SEQ ID NO.16, SEQ ID 
NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO,33, SEQ ID 

30 N0.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41. 

In another embodiment, an array of oligonucleotides probes comprising a 
nucleotide sequence encoding a protein that modulates CRH signalling or fragments 
thereof can be constructed to conduct efficient screening of gene expression. Array 
technology methods are well known and have general applicability and can be used to 

35 address a variety of questions in molecular genetics including gene expression, genetic 
linkage, and genetic variability (see for example: M.Chee et al- Science, Vol 274, pp 
610-613 (1996)). 
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In an alternative embodiment, the method for identifying a compound capable to 
alter the CRH signalling response in a cell, comprises; 

a) contacting said cell with CRH in the presence and absence of said compound; 
and 

5 b) determine the expression level of a polynucleotide comprising a nucleic acid 

sequence selected from the group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID 
No.3, SEQ ID No.4, SEQ ID NO.5, SEQ ID N0.6, SEQ ID No/7, SEQ ID No.8, SEQ 
ID NO.9, SEQ ID 1 1, SEQ ID NCX13, SEQ ID NO.15, SEQ ID NOJ7, SEQ ID NO.19, 
SEQ ID NO.21, SEQ ID N0.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ 

10 ID No.28, SEQ ID No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID 
N0.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40. 
To assess changes in expression levels, RNA or cDNA may be used direcdy for 
detection or may be amplified enzymatically by using PCR or other amplification 
techniques prior to analysis. Preferably said analysis method comprises the use of a 

15 labelled oligonucleotide probe targeted to a suitable region of the polynucleotide. 

Accordingly, in a preferred embodiment the level of gene transcription is assessed using 
a probe which binds to a polynucleotide comprising a nucleic acid sequence selected 
from the group consisting of SEQ ID No.l . SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, 
SEQ ID NO.S ? SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 11, 

20 SEQ DO NO.13, SEQ ID NO.15, SEQ ID NO.17, SEQ ID NO.10, SEQ ID NO,21, SEQ 
ID NO.23. SEQ ID No,25, SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID 
No.29, SEQ ID No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID NO.34, SEQ ID 
N0.36, SEQ ID No.38 and SEQ ID No.40. 

In another embodiment, an array of oligonucleotides probes comprising a 

25 nucleotide sequence encoding a protein that modulates CRH signalling or fragments 
thereof can be constructed to conduct efficient screening of gene expression- 

In case the genomic DNA is not used directly, mRNA may be isolated, and a 
first strand cDNA synthesis cajried out A second round of DNA synthesis can be 
carried out for the production of the second strand. Subsequently by the specific 

30 PCR amplification an isolated cDNA can be obtained. If desired the double- 
stranded cDNA can be cloned into any suitable vector, for example, a plasmid, 
thereby forming a cDNA libary. In analogy to the above, it is possible to screen 
cDNA libraries constructed in a bacteriophage or plasmid shuttle vector with a 
labeled oligonucleotide probe targeted to any suitable region of the gene encoding a 

35 protein that modulates CRH signalling, See e.g. PCR Protocols: A Guide to 
Method and Application. Ed M. Innis et al> Academic Press (1990). . 



018 31.10.2002 15:27:3 



-10- 



Methods for constructing cDNA libraries in a suitable vector such as a plasmid 
or phage for propagation in prokaryotic or eukaryotic cells are well known to those 
skilled in the art. [See e.g, Maniatis et at Supra], Suitable cloning vectors are well 
known and are widely available. 
5 In a further embodiment changes in gene transcription are determined at 

mRNA level. Decreased or increased expression can be measured at the RNA level 
using any of the methods well known in the art for the quantitation of 
polynucleotides, such as, for example; nucleic acid amplification, for instance via 
PGR, RT-PCR; RNase protection; Northern blotting and other hybridization 

10 methods. Assay techniques that can be used to determine levels of a protein, such as 
a polypeptide of the present invention, in a sample derived from a host are well- 
known to those of skill in the art. Such assay methods include radioimmunoassays, 
competitive-binding assays, Western Blot analysis and EXJSA assays. Assay 
techniques that can be used to determine the presence of protein derivatives or 

IS variants comprise amongst others mass spectrometry. 

It is thus an object of the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response in a cell, said method 
comprising; 

20 a) contacting said cell with CRH in the presence and absence of said compound; 

b) determine the amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signaling in said cell; and 

c) compare the amount of said protein in the presence and absence of said 
compound; 

25 whereby the protein that modulates corticotropin releasing hormone (CRH) 

signaling is being selected from the group consisting of SEQ ID NO.10. SEQ ID 
12, SEQ ID NO.14, SEQ ID NO.16, SBQ ID NO.18, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID NO.24, SEQ ID N033> SEQ ID NO.35, SEQ ID NO.37, SEQ 
ID No.39 and SEQ ID No.41. 

30 Preferably, the method to assay the amount of protein that modulates CRH signaling is 
using an antibody which binds to a polypeptide comprising an amino acid sequence 
selected from the group consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ 
ID NCU6, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID 
N0.33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41, 

35 Thus in another embodiment, this invention provides a monospecific antibody 
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immunologically reactive with a protein that modulates CRH signalling said protein 
being selected from the group consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID 
NO.l4> SEQ ID N0.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID 
NCX24, SEQ ID N033, SEQ ID NO.35, SEQ ID N0.37, SEQ ID No.39 and SEQ ID 
5 No.41. 

Antibodies generated against polypeptides of the present invention may be 
obtained by administering the polypeptides or epitope-bearing fragments, analogs or 
cells expressing these to an animal, preferably a non-human animal, using routine 
protocols. For preparation of monoclonal antibodies, any technique which provides 

10 antibodies produced by continuous cell line cultures can be used. Examples include 
the hybridoma technique (Kohler, G. and Milstein, C., Nature (1975)256;495-A9l) > 
the trioma technique, the human B-cell hybridoma technique (Kozbor et aL, 
Immunology Today (1983)4:72) and the EBV-hybridoma technique (Cole et aL, 
MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp-77-96, Alan R. 

15 Liss, Inc., 1985). 

Techniques for the production of single chain antibodies, such as those 
described in U.S. Patent No.4,946,778, can also be adapted to produce single chain 
antibodies to polypeptides of this invention. Also, transgenic mice, or other 
organisms, including other mammals, maybe used to express humanized antibodies. 

20 The above-described antibodies may be employed to isolate or to identify 

clones expressing the polypeptide or to purify the polypeptides by affinity 
chromatography. 

Antibodies against polypeptides of the present invention may also be employed 
to teat the CRH metabolism related disorders such as CRH induced stress or 

25 depression amongst others. 

To determine the amount of protein that modulates CRH signalling, the 
antibodies according to the invention are used in conventional immunological 
techniques. Suitable immunological techniques are well known to those skilled in the 
art and include for example, ELBA, Western Blot analysis, competitive or sandwich 

30 immunoassays and the like, as is otherwise well known they all depend on the 
formation of an antigen-antibody immune complex wherein for the purpose of the 
assay, the antibody can be detectable labeled with, e.g. radio, enzyme or fluorescent 
labels or it can be immobilized on insoluble carriers. 

For example in an EUSA screening format the antibody is added to a solid 

35 phase (for example the bottom of a microplate) which is coated with either the protein 
or a peptide fragment thereof coupled to a carrier (such as USA), and then, adding an 
anti-immunoglobin antibody (for example when the immunization is performed in 



/ 
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mice, an anti-mouse immunoglobulin antibody is used, e.g. sheep-anti-mouse 
immunoglobulin (Ig)) conjugated with a detectable label such as an enzyme, preferably 
horseradish peroxidase, or a radioactive isotope such a$ 125 1- 

It is thus an object of the invention to provide immunoassays for the 

5 determination or detection of proteins that modulate CRH signalling in a sample* the 
method comprising contacting the sample with an antibody to the proteins according to 
the invention and determining whether an immune complex is formed between the 
antibody and said protein. These methods can either be performed on tissue samples 
or body fluid samples and generally comprise obtaining a sample from the body of a 

10 subject; contacting said sample with an imaging effective amount of a detectably 
labeled antibody according to the invention; and detecting the label to establish the 
presence of proteins that modulate CRH signalling in the sample. 
) The measuring methods using the antibodies of the present invention are not 

particularly limited. Any measuring method may be used as long as the amount of 

15 antibodies, antigens or the antigens-antibody complexes corresponding to the amount of 
the antigens to be measured is detected by chemical or physical means, and calculated 
from standard curves prepared by the use of standard solutions containing the antigens 
in known amounts. For example, nephelometry. competitive methods, immunometric 
methods and sandwich methods are suitably used. With respect to sensitivity and 

20 specificity, it is particularly preferred to use sandwich, methods described below. 

to measuring methods using labelling substances, radioisotopes, enzymes, 
fluorescent substances, luminous substances, etc, am used as labelling agents. 
Examples of the radioisotopes include l25 I, m h 3 H and l4 C. Enzymes are usually 
made detectable by coiyugation of an appropriate substrate that, in turn catalyzes a 

25 detectable reaction. Examples thereof include, for example, beta-galactosidase, beta- 
) glucosidase, alkaline phosphatase, peroxidase and malate deydrogenase, preferably 

horseradish peroxidase. The luminous substances include, for example, luminol, 
luminol derivatives, luciferin, aequorin and luciferase. Further, the avidin-biotin 
systems can also be used for labelling the antibodies and immunogens of the present 

30 invention. 



Accordingly, in a further aspect, the present invention provides for a method of 
identifying and obtaining compounds that alter the CRH signalling response activity 
in a cell, comprising: 

3S a) contacting a ceil which expresses at least one protein comprising an amino acid 

sequence selected from the group consisting of SEQ ID NO JO, SEQ ID 12, SEQ 



021 31.10.2002 15:28:4 



-13- 



ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, 
SEQ ID NO.24, SEQ ID NO.33. SEQ ID N0.35, SEQ ID NO.37, SEQ ID 
No.39 and SEQ ID No.41, with said test compound; and 

b) compare the CRH response activity of said eel) in the presence and absence of 
5 said compound 

Changes in membrane potential can be measured using conventional 
electrophysiological techniques and when they become available, using novel high 
throughput methods currently under development Since the change in membrane 

10 potential are normally the result of ion fluxes, as an alternative approach, changes in 
membrane potential can be measured indirectly through the change in intracellular ion 
concentrations using ion-sensitive fluorescent dyes, including fluo-3, fluo-4, fluo-5N, 
fura red, Sodium Green, SBK and other similar probes from suppliers including 
Molecular Probes. Other fluorescent dyes, from suppliers including Molecular Probes, 

15 such as DIB AC 4 (3) or Di-4-Anepps can detect membrane potential changes. For 
example calcium and sodium ion fluxes can thus be characterised in real time, using 
fluorometric and fluorescence imaging techniques, including fluorescence microscopy 
with or without laser confocal methods combined with image analysis algorithms. 

20 In a preferred embodiment this assay is based around an instrument called a 

FLuorescence Imaging Plate Reader ((FLIPR), Molecular Devices Corporation). 61 its 
most common configuration, it excites and measures fluorescence emitted by 
fluorescein-based dyes. It uses an argon-ion laser to produce high power excitation at 
488 nm of a fluorophore, a system of optics to rapidly scan the over the bottom of a 96- 

25 /384-well plate and a sensitive, cooled CCD camera to capture the emitted fluorescence. 
It also contains a 96-/3 84-well pipetting head allowing the instrument to deliver 
solutions of test agents into the wells of a 96-/384-well plate. The FUPR assay is 
designed to measure fluorescence signals from populations of cells before, during and 
after addition of compounds, in real time, from all 96-/384-wells simultaneously. 

30 It is thus an object of the present invention to provide a FLIPR assay used to 

screen for and characterise compounds functionally active in modulating CRH response 
in cells, said cells expressing a protein selected from the group consisting of SEQ ID 
NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, 
SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID N037, SEQ 

35 ID No,39 and SEQ ID No.41. 

In an alternative embodiment, the activity of the cell may be assessed using 
electrophysiological methods. Therefore, proteins modulating CRH signalling in a 
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cell can be characterised using whole cell and single channel electcophysiology. 

It is thus a further object of this invention to provide a screening method to 
identify compounds which modulate CRH signalling response activity in a cell, said 
method comprising; 

5 (a) contacting a host cell expressing a protein selected from the group consisting of 
SEQ ID NO.10, SEQ ID 12, SEQ ID N0.14, SEQ JD NO,16» SEQ ID N0.18, SEQ 
ID NO.20, SEQ ID N0.22 f SEQ ID N0.24, SEQ ID N033, SEQ ID N0.3S, SEQ 
ID NO.37, SEQ ID No.39 and SEQ ID No.41 , with a compound to be tested; 

(b) measuring the effect of the test compound on the membrane potential of said cell 
10 using electrophysiological techniques; and 

(c) compare the CRH response activity of said cell in the presence and absence of 
said compound. 

In a preferred embodiment the host cells are Xenopus oocytes and the 
electrophysiological measurement consists of measuring the membrane current using 

15 the voltage clamp technique at distinct membrane potentials. 

Changes in enzyme activity of an enzyme that modulates CRH signalling a said cell, 
can generally be measured or assayed in terms of the catalytic effect the enzyme 
. produces, that is the conversion of its substrate into reaction product For example, for 
kinases one may assess the kinase activity using a substrate comprising the kinase 

20 specific phosphorylation site and by measuring the phosphorylation of the substrate. 
Similarly for phosphatases one may assess the phosphatase activity using a 
phosphorylated substrate and by measuring the dephosphorylation of the substrate. 
These assays may be performed both in the presence and absence of the compound to 
be tested, 

25 It is thus an object of the present invention to provide a method for identifying a 

compound capable to alter the CRH signalling response activity in a cell, said method 
comprising; 

a) contacting a mixture comprising a kinase selected from the group consisting 
of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID N0.16, SEQ ID NO.18, SEQ 

30 ID NO.20, SEQ ID NO.22, SEQ ID N0.24, SEQ ID NO.33, SEQ ID NO-35, SEQ ID 
NO.37, SEQ ID No.39 and SEQ ID No.41 M a source of phosphate and a suitable kinase 
substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 
measuring the level of phosphorylation of said substrate in the presence of said 

35 compound compared to the level of phosphorylation of said substrate in the absence of 
said test compound. 
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Iti the assay of the invention, the kinase may be provided as a protein or it may be 
provided in the assay mixture as an mRNA encoding said kinase. When the assay 
comprises cell-free components, the kinase is provided as the protein. When the assay 
is conducted in the milieu of a cell, the kinase may be provided as either the protein or 

5 as an mRNA encoding said kinase, wherein, in order that the kinase be available in the 
assay, the mRNA is translated and kinase protein is thereby produced, li will be 
apparent from the Examples provided herein that it is a simple matter to obtain mENA 
specifying the kinase and inject the mRNA into a cell for production of the kinase 
protein. The kinase may also be provided by expression of a plasmid, which encodes 

10 the kinase protein* Standard molecular biology techniques may be used to construct 
operable plasmids encoding the kinase protein and to express the plasmid in cells 
(Sambrook, et al., 1989* En: Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory, New York). 

As discussed herein, the method of identifying a kinase modulator may be performed 
15 either in vitro wherein the assay mixture is cell-free, in vitro wherein live cells are 

included in the assay, or in vivo in an animal. Thus, in one aspect of the invention, the 
mixture is contained within a eukaiyotic cell and the method of the invention may be 
performed wherein some of the components of the assay mixture may be provided 
exogenously to a cell my microinjection of the components therein, and some of the 
20 components may be endogenous in the cell. 

The term "endogenous in the cell" as used herein, means that the component is naturally 
produced in the subject cell. 

The term "exogenous to the cell" as used herein, means that the component is not found 
naturally in the subject cell, or is found therein at a low level, and is added thereto, 

25 When the method of the invention is performed using a eukaryotic cell, one or more of 
the kinase protein, the kinase substrate and the test compound may be injected into the 
eukaiyotic cell prior to the incubation. The cell so injected is then incubated under 
conditions that facilitate protein kinase activity and the level of protein kinase activity 
is subsequently measured following the incubation period using the assays described 

30 herein. 

The eukaryotic cell that is useful in the methods of the invention may be any one of a 
Xenopus laevis oocyte, a Xenopus laevis embryo cell, a mammalian cell (such as a I 
OTI/2 cell), a Drosophila melanogaster S2 cell, a Dictyostefium discoideum cell and a 
yeast cell. Still more preferably, the eukaryotic cell is the murine pituitary corticolxoph- 
35 derived adenoma cell line cell AtT-20, 

The source of phosphate for use in the methods of the invention may be any common 
source of phosphate, including, but not limited to, a nucleotide triphosphates such as, 
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but not limited to, ATP or GTP. In a preferred embodiment, the phosphate source has 
bound thereon a detectable label which label is transferred with the phosphate group to 
the kinase substrate during the reaction, In this manner, phosphorylated kinase substrate 
may be distinguished from non- phosphorylated kinase substrate in that the 
5 phosphorylated substrate will contain the detectable label whereas the non- 
phosphorylated substrate will not contain the label. In another embodiment, the 
phosphate source does not have bound thereon a detectable label; instead, 
phosphorylated kinase substrate may be distinguished from non- phosphorylated kinase 
substrate, for instance by recognition of one form of the substrate, but not the other, by 
10 an antibody. 

The detectable label which is useful in the methods of the invention may include any 
known or heretofore unknown detectable label which is transferred to the kinase 
substrate upon transfer of a phosphate group thereto as a result of protein kinase 
activity. Labels which ate useful include, but are not limited to, radioactive labels, such 
15 as Y* 2 P, 3l S , and non-radioactive labels, such as biotin and the like. 
. Preferably the kinase assay is performed in a cell and comprising; 

a) contacting a cell comprising akinase selected from the group consisting of 
SEQ ID NO JO, SEQ ID 12, SEQ ID NO.14, SEQ.ID NCU6, SEQ ID NCU8, SEQ ID 

. NO^0;SEQn>NO.22,SEQroNO,24,SEQJDNO.33 7 SEQIDNO35,SEQm 
20 NO.37, SEQ ID No.39 and SEQ ID No-41. with a source of phosphate and a suitable 
kinase substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 

c) compare the CRH response activity of said cell in the presence and absence 
of said compound. 

25 

Similarly, a change in CRH signaling response may be assessed using a phosphatase 
assay, said assay comprising; 

a) contacting a mixture comprising a phosphatase selected from the group 
consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID 

30 NO.18, SEQ ID NO.20, SEQ ID NCX22, SEQ ID N0.24, SEQ ID NO.33, SEQ ID 
NO.35, SEQ ID NCX37, SEQ ID No.39 and SEQ ID No.41, and a suitable 
phosphorylated substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 
measuring the level of phosphorylation of said substrate in the presence of said 

35 compound compared to the level of phosphorylation of said substrate in the absence of 
said test compound. 
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As for the kinase assay, the phosphatase in the assay of the invention, may be provided 
as a protein or it may be provided in the assay mixture as an rnRNA encoding said 
phosphatase. The phosphorylated substrate is typically labeled with a detectable 
phosphate residue. Labels which axe useful Include, but are not limited to, radioactive 
5 labels, such as y^P, 33 S , and non-radioactive labels, such as biotin and die like. For 
use in a phosphatase activity assay, the substrate preferably consists of a peptide 
substrate, phosphorylated at a tyrosine or serine residue, typically labeled with y* 2 P- In 
general, phosphorylation may be accomplished in a variety of ways. Typically, a protein 
tyrosine kinase is used. For example, a soluble EGF-receptor kinase in combination 

10 with . sup.32 P-labeled ATP may be used to phosphorylate a tyrosine residue on a 

peptide of the present invention. Such a phosphorylation reaction is typically allowed to 
proceed for about 2 hours at 30.de gree. C. or overnight at room temperature. 
Phosphorylated peptide, hereinafter referred to as "phosphopeptide", is then purified 
from a phosphorylation reaction mixture. For example, peptide may be separated from a 

IS reaction mixture by addition of trichloroacetic acid and centrifugation, whereby the 
peptide remains in the supernate. The peptide is generally further purified by column 
chromatography, e.g. , on CIS. Purified phosphorylated peptide may be lyophilized and 
stored at - 20.degree. C. prior to use. 

Following incubation, phosphopeptide which is not dephosphorylated ("non- 
20 dephosphorylated phosphopeptide 1 ') is separated from radioactivity released by 
dephosphorylation of phosphopeptide (i.e., from free radioactive phosphorus released 
by dephosphorylation). As used herein, the term "radioactive phosphorous" includes all 
forms in which a radioactive phosphorus atom may be present on a tyrosine residue and 
removed by dephosphorylation, e.g., as a phosphate group. Typically, separation of 
25 non-dephosphorylated phosphopeptide from free radioactive phosphorus released by 
dephosphorylation of phosphopeptide is effected by centrifugation, following 
termination of the dephosphorylation reaction by the addition of substances including 
nonradioactive phosphates and charcoal. Radioactivity in the supemate is determined 
by means well known to those of ordinary skill in the art. Based upon the amount of 
30 radioactivity added to the assay mixture initially via the phosphopeptide and the amount 
of radioactivity detected at the end of the assay as radioactivity released by 
dephosphorylation, the phosphatase enzymatic activity of the sample assayed may be 
calculated. 

Preferably the phosphatase assay is performed in a cell and comprising; 
35 a) contacting a cell comprising a phosphatase selected from the group consisting 

of SEQ ID NO.lO, SEQ ID 12, SEQ E> N0.14. SEQ ID NO.16, SEQ ID N0.18, SEQ 
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ID NO.20, SEQ ID N0.22, SEQ ID N0.24, SEQ ID NO.33, SEQ ID NQ35, SEQ ID 
N037, SEQ ID No.39 and SEQ ID No.41, with a suitable phosphorylated substrate; 

b) incubating said mixture in the presence or absence of a said compound and ; 

c) compare the CRH response activity of said cell in the presence and absence 
5 of said compound, wherein the CRH response activity of said cell is determined by the 

change in phosphorylation level of the substrate. 

It is also an embodiment of the present invention to provide a method for identifying a 
compound capable to alter the CRH signalling response activity in a cell, said method 
10 comprising; 

a) contacting a cell which expresses at least one protein comprising an amino 
acid sequence selected from the group consisting of SEQ ID NO- 10, SEQ ID 12, SEQ 
ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID N0.22, SEQ ID 
NO-24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID N0.37, SEQ ID No39 and SEQ ID 

15 No.41 with said test compound; and 

b) compare the levels of a second messenger, such as c AMP, cOMP, Ca 2+ or JDP 3 
in said cell, in the presence and absence of said compound. 

Levels of second messengers can be determined using art known techniques either in 
whole cells or cellular extracts comprising one of the aforementioned proteins. 

20 

A further method to identify a compound capable to alter CRH signalling in a cell is 
based on the use of a gene, such as a reporter gene, operably linked to a gene promoter 
or regulator/ sequence element thereof characterized in that said gene promoter or 
regulatory sequence element comprises a transcription factor binding site, wherein said 

25 transcription factor is capable of modulating CRH signalling in a cell. In a preferred 
embodiment the transcription factor capable of modulating CRH signalling in a cell is 
being selected from SEQ ID NCUO, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ 
ID NO ,18, SEQ ID NO.20, SEQ ID N0.22, SEQ ID NO.24, SEQ ID N0.33, SEQ ID 
NO,35> SEQ ID NO,37, SEQ ID No.39 and SEQ ID No,41 

30 Accordingly, the present invention provides a recombinant DNA molecule comprising 
the gene promoter region as defined above. In the said recombinant DNA molecule, the 
promoter region can be operably linked to a nucleic acid molecule encoding a 
detectable product, such as a reporter gene. The term "operably linked", as used herein, 
means functionally fusing a promoter with a gene in the proper frame to express the 

35 gene under control of the promoter. As used herein, the term "reporter gene** means a 
gene encoding a gene product that can be identified using simple, inexpensive methods 
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or reagents and that can be operably linked to the promoter region or an active fragment 
thereof. Reporter genes such as, for example, a firefly luciferase, (J-galactosidase, 
alkaline phosphatase, the bacterial chloramphenicol acetyl transferase or green 
fluorescent protein reporter gene, can be used to determine transcriptional activity in 
5 screening assays according to the invention (see, for example, Goeddel (ed.)» Methods 
Eozymol., Vol. 185, San Diego: Academic Press, Inc. (1990); see also Sambrook, 
supra). In a preferred embodiment, the reporter gene is the firefly luciferase gene. 
The invention also provides a vector comprising the recombinant DNA molecule as 
defined above, as well as a host cell stably transformed with such a vector, or generally 
10 with the recombinant DNA molecule according to the invention. The term "vector" 
refers to any carrier of exogenous DNA that is useful for transferring the DNA into a 
host cell for replication and/or appropriate expression of the exogenous DNA by the 
host cell. Accordingly, in a specific embodiment said vector is an expression vector 
such as the commercially available pGL31uc expression vector. 

15 

Identification of a CRH Induced gene expression profile. 

In another aspect the present invention relates to isolated and purified nucleic acid 
20 molecules which were shown to be either up or down-regulated upon prolonged 

exposure to elevated levels of CRH, wherein said nucleic acid molecule is either RNA, 
DNA, cDNA or genomic DNA. 

r 

In particular, the present invention encompasses an isolated and purified nucleic 
25 acid molecule comprising a member selected from a group consisting of: 

a) a nucleotide sequence which has at least 70% identity, preferably at least 80% 
identity, more preferably at least 90% identity, more preferably at least 90% 
identity, Yet more preferably at least 90% identity* yet more preferably at least 95% 
identity, even more preferably at least 97-99% identity, to a polynucleotide selected 

30 from the group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3> SEQ ID 
No.4, SEQ ID No.5, SEQ ID No.6, SEQ ID No,7, SEQ D No.8, SEQ ID No.25, 
SEQ ID No,26, SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30 and 
SEQ ID No.3L over the entire length of said polynucleotide; 

b) a nucleotide sequence which has at least 70% identity, preferably at least 80% 
35 identity, more preferably at least 90% identity, more preferably at least 90% identity, 

Yet more preferably at least 90% identity, yet more preferably at least 95% identity, 
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even mote preferably at least 97-99% identity, to a polynucleotide selected from the 
group consisting of SEQ tt> No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, SEQ 
ID No.5, SEQ ID No.6, SEQ ID No.7, SEQ D No.8, SEQ ID No.25, SEQ ID No.26, 
SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30 and SEQ ID No.31, 
5 over the entire coding region of said polynucleotide; 

c) a nucleotide sequence polynucleotide selected from the group consisting of SEQ 
ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, SEQ ID No.5, SEQ ID No.6, 
SEQ ID No.7, SEQ D No.8, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID 
No.28, SEQ ID No.29, SEQ ID No.30 and SEQ ID No.31; 

10 Identity or similarity, as known in the art, ate relationships between two or 

more polypeptide sequences or two or more polynucleotide sequences, as determined 
by comparing the sequences. In the an, identity also means the degree of sequence 
relatedness between polypeptide or polynucleotide sequences, as the case may be, as 
determined by the match between strings of such sequences. Both identity and 

15 similarity can be readily calculated (Computational Molecular Biology, Lesk, A. M., 
ed., Oxford University Press, New York, 1988; Biocomputing: Informatics and 
Genome Projects, Smith, D. W., edL, Academic Press. New York, 1993; Computer 
Analysis of Sequence Data, Part I, Griffin, A. M, and Griffin, H. G., eds., Humana 
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von Hemje, G., 

20 Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, 
J., eds., M Stockton Press, New York, 1991). While there exist a number of 
methods to measure identity and similarity between two polynucleotide or two 
polypeptide sequences, both terms are well known to skilled artisans (Sequence 
Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; Sequence 

25 Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 
1991; and Carillo, H., and lipman, D., (1988) SIAM J. Applied Math., 48, 1073. 
Methods commonly employed to determine identity or similarity between sequences 
include, but are not limited to those disclosed in Carillo, H., and Lipman, D., (1988) 
SIAM J. Applied Math., 48, 1073. Preferred methods to determine identity are 

30 designed to give the largest match between the sequences tested. Methods to 
determine identity and similarity are codified in computer programs. Preferred 
computer program methods to determine identity and similarity between two 
sequences include, but are not limited to, GCG program package (Devereux, J., et 
al., (1984) Nucleic Acids Research 12(1), 387), BLASTP, BLASTN, and FASTA 

35 (Atschul, S. P. et al., (1990) J. Molec. Biol. 215, 403). 

The nucleic acid sequence encoding a protein capable of modulating CRH 
activity, or fragment thereof, can be isolated from a tissue in which said gene is 
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expressed, such as but not limited to, brain, hart, kidney, pancreas, liver and skin. 
Said sequence can also be isolated from mammals other than human and mouse. 
Other cells and cell lines may also be suitable for use to isolate mammalian purine 
permease cDNA> Selection of suitable cells may be done by screening for CRH 
5 modulating activity in cell extracts or in whole cell assays, as described herein. 
Cells that possess CRH modulating activity in any one of these assays may be 
suitable for the isolation of purine permease DNA or mRNA. 

Any of a variety of procedures known in the art may be used to moleculariy 
clone DNA encoding a protein according to the invention. In one method, mRNA 
10 is isolated, and first strand cDNA synthesis is carried out. A second round of DNA 
synthesis can be carried out for the production of the second strand. Subsequently 
, , by the specific PCR amplification of DNA fragments through the design of 

degenerate oligonucleotide primers from the amino acid sequence of the purified 
protein that modulates CRH signalling, an isolated cDNA can be obtained. If 
15 desired the double-stranded cDNA can be cloned into any suitable vector, for 
> example, a plasmid, thereby forming a cDNA libary.. Another method is to screen 

cDNA libraries constructed in a bacteriophage or plasmid shuttle vector with a 
labeled oligonucleotide probe targeted to any suitable region of SEQ ID NO: 1, 
SEQEDN0 7orSEQIDNO:3. See e.g. PGR Protocols: A Guide to Method smri 
20 Application . Ed. M. Innis et al. , Academic Press (1 990). . 

Methods for constructing cDNA libraries in a suitable vector such as a 
plasmid or phage for propagation in prolearyotic or eukaiyotic cells are well known 
to those skilled in the art [See e.g. Maniatis et al Supra). Suitable cloning vectors 
axe well known and are widely available. 
25 It is readily apparent to those skilled in the art that other types of libraries, as 

-J well as libraries constructed from other cells or cell types, may be useful for 

isolating the nucleic acid sequences according to the invention. Other types of 
libraries include, but am not limited to, cDNA libraries derived from other cells, 
from organisms other than human and mouse, and genomic DNA libraries that 
30 include YAC <yeast artificial chromosome) and cosmid libraries. Construction of 
genomic DNA libraries can be performed by standard techniques well known in the 
art. Well known genomic DNA library construction techniques can be found in T. 
Maniatis et al Molecular Cloning: A Laboratory Manual. 2d Ed. Chap. 14 (1989). 
The skilled artisan will appreciate that, in many cases, an isolated cDNA 
35 sequence will be incomplete, in that the region coding for the polypeptide is short at 
the 5' end of the cDNA. This is a consequence of reverse transcriptase, an enzyme 
with inherently low "processivity 1 (a measure of the ability of the enzyme to remain 
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attached to the template during the polymerisation reaction), failing to complete a 
DNA copy of the mRNA template during the 1 st strand cDNA synthesis* 

There are several methods available and weJl known to those skilled in the 
art to obtain full-length cDNAs, or extend short cDNAs, for example those based on 
5 the method of Rapid Amplification of cDNA ends (RACE) (Frohman et al M 1988, 
PNAS USA SS, 8998-9002), or recent modifications of this technique, exemplified 
by the Marathon™ technology (Cloutech Laboratories Inc.). 



10 polypeptides 

In a further embodiment this invention relates to a polypeptide in a 
substantially pure form which modulate CRH signalling wherein said polypeptide is 
encoded by an isolated and purified nucleic acid molecule according to the 
invention. In a preferred embodiment the polypeptide has the amino acid sequence 

15 selected from the group consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID NO. 14, 
SEQ ID NO.16, SEQ ID NO,18, SEQ ID NO.20, SEQ ID N0.22, SEQ ID NO.24, 
SEQ ID NCX33, SEQ ID NO.35, SEQ ID N037, SEQ ID No.39 and SEQ ID No.41 
and functional analogs thereof 

The protein according to the invention includes all possible amino acid 

20 variants encoded by the nucleic acid according to the invention including a 
polypeptide encoded by said molecule and having conservative amino acid changes. 

Those skilled in the an will Tecognize that the protein which modulate CRH 
signalling could be obtained by a plurality of recombinant DNA techniques 
including, for example* hybridization, polymerase chain reaction (PGR) 

25 amplification, or de novo DNA synthesis (See e.g., T. Maniatis et aL Molecular 
Cloning: A Laboratory Manual. 2d Ed. Chap. 14 (1989)). 

Purified biologically active protein that modulates CRH signallings may have 
several different physical forms. The polypeptides according to the invention may 
exist as full-length nascent or unprocessed polypeptides, or as partially processed 

30 polypeptides or combinations of processed polypeptides. The full-length nascent 
polypeptide may be post-translationally modified, amongst other, by specific 
proteolytic cleavage events that result in the formation of fragments of the full-length 
nascent polypeptide. A fragment, or physical association of fragments may have the 
full biological activity associated with proteins according to the invention; however, 

35 the degree of CRH modulating activity may vary between individual fragments. 

Also preferred in this aspect of the invention ate fragments characterized by 
structural or functional attributes of the polypeptide. Preferred embodiments of the 
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invention in this regard include fragments that comprise alpha-helix and alpha-helix 
forming regions, beta-sheet and beta-sheet-forming regions, turn and turn-foiroing 
regions, coil and coil-forming regions, hydrophilic regions, hydrophobic regions, 
alpha araphipathic regions, beta amphipathic regions, flexible regions, surface- 
5 forming regions, substrate hinding region, high antigenic index regions of the 
polypeptide of the invention, and combinations of such fragments. Preferred regions 
are those that mediate activities of the polypeptides of the invention. Most highly 
preferred in this regard are fragments that have a chemical, biological or other 
activity of the response regulator polypeptide of the invention, including those with a 
10 similar activity or an improved activity, or with a decreased undesirable activity. 
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Recombinant expression of polynucleotides encoding protein which modulate CRN 
activity 

5 In another embodiment polynucleotides according to the invention may be 

recombinantly expressed by molecular cloning into an expression vector containing 
a suitable promoter and other appropriate transcription regulatory elements, and 
transferred into prokaryotic or eukaryotic host cells to produce a protein that 
modulates CRH signalling. Techniques for such manipulations are fully described 

10 in Maniatis, T, et al - , supra, and are well known in the art. 

Therefore, in a further aspect this invention provides an expression vector for 
expression of a protein that modulates CRH signalling in a recombinant host* wherein 
said vector contains a nucleic acid sequence encoding a protein that modulates CRH 
signalling and functional analogs thereof In a more preferred aspect of this invention 

15 this expression vector contains a nucleic acid molecule encoding a protein that 
modulates CRH signalling, having a nucleotide sequence selected from a group 
consisting of; SEQ ID NO.9, SEQ ID XI, SEQ ID NO, 13 T SEQ ID NCU5, SEQ ID 
NO.17, SEQ ID NO.19, SEQ ID NO.21, SEQ ID N0.23, SEQ ID NCX32. SEQ ID 
NCX34, SEQ ID NO-36, SEQ ID No38 and SEQ ID No.40 and functional analogs 

20 thereof or contains genomic DNA encoding a protein that modulates CRH signalling. 

Expression vectors are defined herein as DNA sequences that are required 
for the transcription of cloned copies of genes and the translation of their mRNAs in 
an appropriate host. Such vectors can be used to express eukaryotic genes in a 
variety of hosts such as bacteria including E. coK, cyauobacteria, plant cells, insect 

25 cells, amphibian cells, fungal cells including yeast cells, and animal cells. 

Specifically designed vectors allow the shuttling of DNA between hosts 
such as bacteria-yeast or bacteria-animal cells or bacteria-fungal cells or bacteria- 
invertebrate cells. An appropriately constructed expression vector may contain: an 
origin of replication for autonomous replication in host cells, selectable markers, a 

30 limited number of useful restriction enzyme sites, a potential for high copy number, 
and active promoters. A promoter is defined as a DNA sequence that directs KNA 
polymerase to bind to DNA and initiate RNA synthesis- A strong promoter is one 
that causes mRNAs to be initiated at high frequency. Expression vectors may 
include, but are not limited to, cloning vectors, modified cloning vectors, 

35 specifically designed pJasnrids or viruses. 
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The isolated and purified nucleic acid molecules, according to the invention, 
encoding a protein which modulates CRH signalling may be cloned into an 
expression vector for expression in a recombinant host cell. Recombinant host cells 
may be prokaryotic or eukaryotic, including but not limited to bacteria such as IL 
coli, fungal cells such as yeast, amphibian cells such as Xenopus oocytes, 
mammalian cells including but not limited to cell lines of human, bovine, porcine, 
monkey and rodent origin, and insect cells including but not limited to Drosophila- 
and silkworm-derived cell lines. Cell lines derived from mammalian species which 
may be suitable and which are commercially available, include but aie not limited 
to, CV-1 (ATCC CCL70), COS-1 (ATCC CRL 1650), COS-7 (ATCC CRL 1651), 
CHO-K1 (ATCC CCL 61), 3T3 (ATCC CCL 92), NIH/3T3 (ATCC CRL 1658), 
HeLa (ATCC CCL 2), C127I (ATCC CRL 1616), BS-C-1 (ATCC CCL 26), MRC- 
5 (ATCC CCL 171), L-cells, neuroblastoma, glial cells and HEK-293 (ATCC 
CRL1573). 

Therefore, in a further embodiment this invention relates to a recombinant 
host cell containing a. iecombinantly cloned nucleic acid molecule encoding a 
protein that modulates CRH signalling or functional analog thereof. In a further 
aspect the recombinant host cell.according to the invention contains a nucleic acid 
molecule which is either genomic DNA or has a nucleotide sequence selected from 
a group consisting of: SEQ ID NO.9, SEQ ID 11, SEQ ID NO. 13, SEQ to NO.15, 
SEQ ID NO.17, SEQ ID NO.19, SEQ ID NO.21, SEQ ID NO.23, SEQ ED NO.32, 
SEQ ID NO.34, SEQ ID NO.36, SEQ ED No.38 and SEQ ID No.40; and functional 
analogs thereof. 

The expression vector may be introduced into host cells via any one of a 
number of techniques including but not limited to transformation, transfection, 
protoplast fusion, iipofection, and electroporation. The expression vector- 
containing cells are clonally propagated and analyzed to determine whether they 
produce a protein that modulates CRH signalling. Identification of permeases 
expressing host cell clones may be done by several means, including but not limited 
to immunological reactivity with antibodies directed against the polypeptides 
according to the invention, and the presence of host cell-associated mammalian 
purine permease activity. 

Thus, the present invention also relates to a process for expression of protein 
that modulates CRH signalling in a recombinant host cell, comprising culturing the 
host cells according to the invention under conditions which allow expression of the 
protein that modulates CRH signalling from the expression vector as outlined 
herein. The proteins of this invention may be synthesized either by direct 
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expression or as a fusion protein comprising the protein of interest as a translationaJ 
fusion with another protein or peptide that may be removable by self, enzymatic or 
chemical cleavage. Therefore, in a particular embodiment this invention provides 
the proteins according to the invention wherein said polypetides are part of a fusion 
5 protein. 

It is often observed in the production of certain peptides in recombinant 
systems that expression as a fusion protein prolongs the life span, increases' the 
yield of the desired peptide* or provides a convenient means of purifying the 
protein. This is particularly relevant when expressing mammalian proteins in 

10 prokaryotic hosts. A variety of peptidases (e.g. enterokinase and thrombin), which 
cleave a polypeptide at specific sites or digest, the peptides from the amino or 
} carboxy termini (e.g, diaminopeptidase) of the peptide chain are known. 

Furthermore, particular chemicals (e.g. cyanogen bromide) will cleave a 
polypeptide chain at specific sites. The skilled artisan will appreciate the 

15 modifications necessary to the amino acid sequence (and synthetic or semi-synthetic 
coding sequence if recombinant means ate employed) to incoiporate site-specific 
internal cleavage sites. See e.g., P.Carter, "Site Specific Proteolysis of Fusion 
P*oteins*\ Chapter 13, in Protein Purification: From Molecular Mechanisms to 
Large Scale Processes. A merican Chemical Society, Washington, D.C. (1990)- 

20 Furthermore, one could use, e.g., a mammalian cell that already comprises in 

its genome a nucleic acid molecule encoding a protein that modulates CRH 
signalling as described above, but does not express the same or not in an appropriate 
manner due to, e.g., a weak promoter, and introduce into the mammalian cell a 
regulatory sequence such as a strong promoter in close proximity to the endogenous 

25 nucleic acid molecule encoding said purine permease polypeptide so as to induce 
) expression of the same. 

As such a recombinant host cell containing a polynucleotide encoding a 
protein which modulates CRH signalling under the control of a heterologous 
transcription and/or regulatory sequence or protein, would be another embodiment of 

30 this invention* 

In this context the term "regulatory sequence 1 ' denotes a nucleic acid 
molecule that can be used to increase the expression of the purine permease 
polypeptide, due to its integration into the genome of a cell in close proximity to the 
CRH modulating protein-encoding gene. Such regulatory sequences comprise 

35 promoters, enhancers, inactivated silencer intron sequences, 3TJTR and/or 5TJTR 
coding regions, protein and/or RNA stabilizing elements, nucleic acid molecules 
encoding a regulatory protein, e.g., a transcription factor, capable of inducing or 
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triggering the expression of the CRH modulating protein-encoding gene or other 
gene expression control elements which are known to activate gene expression 
and/or increase the amount of the gene product. The introduction of said regulatory 
sequence leads to increase and/or induction of expression of polypeptides, which 
5 modulate CRH signalling, resulting in the end in an increased amount of said 
polypeptides in the celL Thus, the present invention is aiming at providing de novo 
and/or increased expression of polypeptides that modulate CRH signalling. 

Introduction of the construct into the host cell can be effected by calcium 
phosphate transfection, DEAE-dextran mediated transection, cationic lipid- 
10 mediated transfection, electroporation, transduction, infection, or other methods, 
Such methods are described in many standard laboratory manuals, such as Davis, 
Basic Methods In Molecular Biology (1986). It is specifically contemplated that 
polypeptides, which modulate CRH signalling may in fact be expressed by a host 
cell lacking a recombinant vector. 
15 In addition, expression of polynucleotides according to the invention may 

also be performed using in vitro produced synthetic mRNA. Synthetic mRNA or 
• mRNA isolated from cells capable of modulating CRH signaling can be efficiently 
% translated in various cell-free systems, including but not limited to wheat genn 
.extracts and reticulocyte extracts, as well as efficiently translated in cell based 
20 systems, including but not limited to microinjection into frog oocytes, with 
microinjection into frog oocytes being generally preferred. 

Transgenic non-human animals 

The present invention also relates to a method for the production of a 
25 transgenic non-human animal, preferably transgenic mouse, comprising introduction 
of a polynucleotide or vector of the invention into a geim cell, an embryonic cell, 
stem cell or an egg or a cell derived therefrom. The non-human animal can be used 
in accordance with a screening method of the invention described herein and may be 
a non-transgenic healthy animal, or may have a phosphate uptake or reabsorption 
30 disorder, preferably a disorder caused by at least one mutation in the protein that 
modulates CRH signalling. Such transgenic animals are well suited for, e.g., 
pharmacological studies of drugs in connection with mutant forms of the above 
described polypeptides. Production of transgenic embryos and screening of those can 
be performed, e.g., as described by A. L. Joyner Ed., Gene Targeting, A Practical 
35 Approach (1993), Oxford University Press. The DNA of the embryonal membranes 
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of embryos can be analyzed using, e.g., Southern blots with an appropriate probe; 
see supra. 

Preferably, the transgenic non-human animal of the invention further 
comprises at least one inactivated wild type allele of the corresponding mammalian 
5 CRH modulating protein-encoding gene; see supra. This embodiment allows for 
example, the study of the interaction of various mutant forms of polypeptides 
according to the invention on the onset of the clinical symtoms of disease related to 
disorders in CRH metabolism. All the applications that have been herein before 
discussed with regard to a transgenic animal also apply to animals carrying two, 
10 three or more transgenes; e.g. encoding neutral endopeptidase (NEP). It might be 
also desirable to inactivate protein that modulates CRH signalling expression or 
function at a certain stage of development and/or life of the transgenic animal. This 
can be achieved by using, for example, tissue specific, developmental and/or cell 
regulated and/or inducible promoters which drive the expression of, e.g., an 
15 antisense or ribozyme directed against the RNA transcript encoding the protein 
. capable of modulating CRH signalling; see also supra* A suitable inducible system is 
for example tetracycline-regulated gene expression as described, e.g.- by Gossen and 
B&jard (Proc. Natl. Acad Sci. 89 USA (1992), 5547-5551) and Gossen et al. (Trends 
.Biotech, 12 (1994), 58-62). Similar, .the expression x>f the mutant protein that 
20 modulates CRH signalling may be controlled by such regulatory elements. 

Furthermore, the invention also relates to a transgenic mammalian cell which contains 
(preferably stably integrated into its genome) a nucleic acid molecule according to 
the invention or part thereof, wherein the transcription and/or expression of the 
25 nucleic acid molecule or part thereof leads to reduction of the synthesis of a 

protein that modulates CRH signalling. 

In a preferred embodiment, the reduction is achieved by an anti-sense, sense, ribozyme, 
co-suppression and/or dominant mutant effect. "Antisense 11 and "antisense nucleotides" 
30 means DNA or RNA constructs which block the expression of the naturally occurring 
gene product 

The provision of the polynucleotide according to the invention opens up the 
possibility to produce transgenic non-human animals with a reduced level of the 
protein as described above and, thus, with a defect in phosphate metabolism. 
35 Techniques how to achieve this are well known to the person skilled in the ait. 

These include, for example, the expression of antisense-RNA, ribo2ymes, of 
molecules which combine antisense and ribozyme functions and/or of molecules 
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which provide for a co-suppression effect; see also supra. When using the 
antisense approach for reduction of the amount of protein that modulates CRH 
signallings in cells, the nucleic acid molecule encoding the antisense-RNA is 
preferably of homologous origin with respect to the animal species used for 
5 transformation. However, it is also possible to use nucleic acid molecules which 

display a high degree of homology to endogenously occurring nucleic acid 
molecules encoding a protein that modulates CRH signalling. In this case the 
homology is preferably higher than 80%, particularly higher than 90% and still 
more preferably higher than 95%. The reduction of the synthesis of a protein 
10 according to the invention in the transgenic mammalian cells can result in an 

alteration in, e.g., adenine reabsorption. In transgenic animals comprising such 
cells this can lead to various physiological, developmental and/or morphological 
changes. 



15 Thus, the present invention also relates to transgenic non-human animals comprising 
the above-described transgenic cells. These may show, for example, a deficiency in 
CRH metabolism compared to wild type animals due to the stable or transient 
• presence of a foreign DNA resulting in at least one of the following features: 

(a) * disrutption of (an) endogenous gene(s) encoding a protein capable of 
20 modulating CRH signalling; 

(b) expression of at least on antisense RNA and/or ribozyme against a transcript 
comprising a polynucleotide of the invention; 

(c) expression of a sense and/or non-translatable mRNA of the polynucleotide of 
the invention; 

25 (d) expression of an antibody of the invention; 

(e) incorporation of a functional or non-functional copy of the regulatory 

sequence of the invention; or 
(0 incorporation of a recombinant DNA molecule or vector of the invention, 

30 With the polypeptides, their encoding polynucleotides and vectors of the invention, it 
is now possible to study in vivo and in vitro the efficiency of drugs in relation to 
particular mutations in piotein that modulates CRH signallings of a patient and the 
affected phenotype. Furthermore, mutant forms of polypeptides of the invention can 
be used to determine the pharmacological profile of diugs and for the identification 

35 and preparation of further drugs which may be effective for the treatment of 
disorders related to the CRH metabolism, in particular for the amelioration of CRH 
induced stress or depression. 
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It will thus be appreciated that the present invention also relates to a method for 
preventing, treating or ameliorating a medical condition related to a disorder of CRH 
metabolism including CRH receptor related disorders which comprises 
5 administering to a mammalian subject a therapeutically effective amount of the 
polypeptides, Che polynucleotides or the vectors encoding a protein capable of 
modulating CRH signalling of the present invention. 



Diagnostic Assays 

10 This invention further relates to the use of polynucleotides of the present invention 
as diagnostic reagents. Detection of a mutated fonn of the gene characterised by the 
polynucleotide of SEQ ID Nal, SEQ ID No.2, SEQ ID No3, SEQ ID NoA SEQ ID 
NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 1 1, SEQ 
ID NCX13, SEQ ID NO.15, SEQ ID NCU7, SEQ ID NO.19, SEQ ID NO.21, SEQ 

15 ID NO.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID 
No-29, SEQ ID Nq.30, SEQ ID Noil, SEQ ID NO,32, SEQ ID NO.34, SEQ ID 
NO.36, SEQ ID No.38 and SEQ ID No,40 which is associated with a dysfunction 
will .provide a diagnostic tool that can add to, or define, a diagnosis of a disease, or 
susceptibility to a disease, which results from under-expression, over-expie&sion or 

20 altered spatial or temporal expression of the gene. Individuals carrying mutations in 
the gene may be detected at the DNA level by a variety of techniques. 

m It will thus be appreciated that this invention provides a method of 
diagnosing a pathological condition or a susceptibility to a pathological condition in 
a subject related to a disorder of CRH activity comprising: 

25 (a) determining the presence or absence of a mutation in the polynucleotide 
according to the invention; and 

(b) diagnosing a pathological condition or susceptibility to a pathological 

condition based on the presence or absence of said mutation. 

Nucleic acids for diagnosis may be obtained from a subject's cells, such as from 

30 blood, urine, saliva, tissue biopsy or autopsy material. The genomic DNA may be 
used directly for detection or may be amplified en^ymatically by using PCR or other 
amplification techniques prior to analysis. UNA or cDNA may also be used in 
similar fashion. Deletions and insertions can be detected by a change in t size of the 
amplified product in comparison to the normal genotype. Point mutations can be 

35 identified by hybridizing amplified DNA to labeled nucleotide sequences according 
to the invention. Perfectly matched sequences can be distinguished from mismatched 
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duplexes by RNase digestion or by differences in melting temperatures. DNA 
sequence differences may also be detected by alterations in electropboretic mobility 
of DNA fragments in capilary electrophoresis columns or gels, with or without 
denaturing agents, or by direct DNA sequencing (e.g., Myers ex at, Science 
5 (1985)230:1242). Sequence changes at specific locations may also be revealed by 
specific restriction endonucleases, nuclease protection assays, such as RNase and Si 
protection or a chemical cleavage method (see Cotton ex at, Proc Natl Acad Sci USA 
(1985) 85; 4397-4401). In another embodiment, an array of oligonucleotides probes 
comprising a nucleotide sequence encoding a protein capable of modulating CRH 

10 activity or fragments thereof can be constructed to conduct efficient screening of 
e.g., genetic mutations. Array technology methods are well known and have general 
applicability and can be used to address a variety of questions in molecular genetics 
including gene expression, genetic linkage, and genetic variability (see for example: 
M.Cbee et al. a Science, Vol 274, pp 610-613 (1996)), 

IS The diagnostic assays offer a process for diagnosing or determining a 

susceptibility to the diseases through detection of mutations in the CRH modulating 
protein-encoding gene by the methods described. In addition, such diseases may be 
diagnosed by methods comprising determining from a sample derived from a subject 
an abnormally decreased or increased level of polypeptide or iriRNA, as well as by 

20 determining from said samples the presence of protein derivatives compared to the 
normal structure (see above). Decreased or increased expression can be measured at 
the UNA level using any of the methods well known in the art for the quantitation of 
polynucleotides, such as, for example; nucleic acid amplification, for instance via 
PGR. RT-PCR; RNase protection; Northern blotting and other hybridization 

25 methods. Assay techniques that can be used to determine levels of a protein, such as 
a polypeptide of the present invention, in a sample derived from a host are well- 
known to those of skill in the art Such assay methods include radioimmunoassays, 
competitive-binding assays, Western Blot analysis and EUSA assays. Assay 
techniques that can be used to determine the presence of protein derivatives or 

30 variants comprise amongst others mass spectrometry. 

Thus in another aspect, the present invention provides a method of 
diagnosing a pathological condition or a susceptibility to a pathological condition in 
a subject related to a disorder of prolonged CRH exposure comprising: 

(a) determining the presence or amount of expression of the polypeptide or a 
35 derivative thereof according to the invention in a biological sample; and 

(b) diagnosing a pathological condition or susceptibility to a pathological 
condition based on the presence or amount of expression of the polypeptide or of a 
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derivative thereof. 

In particular the present invention provides a method of diagnosing a CRH 
induced gene expression profile in an individual, said method comprising; 

a) obtaining a biological sample of said individual; and 

5 b) determine the amount of at least one protein that modulates corticotropin 

releasing hormone (CRH) signaling in said biological sample; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEQ ID NO. 10, SEQ ID 
12, SEQ ID NO.14. SEQ ID NO-16, SEQ ID NO. 18, SEQ ID NO.20, SEQ ID 
10 NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ 

ID No.39 and SEQ ID No.41. 

Preferably the amount of said proteins is determined either at the protein level, 
preferably using antibodies that bind thereto, or at the gene transcription level, 
preferably using probes that bind to a polynucleotide encoding an amino acid 

15 sequence selected from the group consisting of SEQ ID NO. 10, SEQ ID 12, 

SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.I8, SEQ ID NO.20, SEQ ID 
NO.22. SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ 
ID No.39 and SEQ ID No.41. 
Alternatively the CRH induced gene expression profile is determined by assessing 

20 the level of gene transcription of a gane comprising a nucleic acid sequence selected 
from the group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID 
No.4, SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID N0.9. 
SEQ ID 11, SEQ ID NO.13. SEQ ID NO.15, SEQ ID NO.17, SEQ ID NO.19, SEQ 
ID NO.21, SEQ ID NO.23, SEQ ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID 

25 No.28, SEQ ID No.29, SEQ ID No.30, SEQ ID No.3I, SEQ ID N0.32, SEQ ID 
N0.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40. Methods to determine 
the level of gene transcription have been described hereinbefore and comprise in a 
preferred embodiment the use of a probe which binds, preferably selectively binds to 
a polynucleotide selected from the group consisting of SEQ ID No.l, SEQ ID No.2, 

30 SEQ ID No.3, SEQ ID No.4, SEQ ID NO.5, SEQ ID NO.6, SEQ ID No.7, SEQ ID 
No.8, SEQ ID NO.9, SEQ ID 11, SEQ ID NO.13, SEQ ID NO.15, SEQ tt> NO.17, 
SEQ ID NO.19, SEQ ID NO.21, SEQ ID NO.23, SEQ ID No.25, SEQ ID No.26, 
SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30, SEQ ID No.31, SEQ 
ID NO.32, SEQ ID NO.34, SEQ ID NO.36, SEQ ID No.38 and SEQ ID No.40 or the 

35 complement thereof. . In another embodiment, an array of oligonucleotides probes 
comprising a nucleotide sequence according to the invention or fragments thereof 
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can be constructed to conduct efficient screening of the level of gene transcription in 
the sample of an individual. 

In a further aspect, the present invention relates to a diagnostic kit which 
5 comprises: 

(a) a polynucleotide of the present invention, preferably the nucleotide sequence of 
SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, SEQ ID NO.5, SEQ ID 
NO.6, SEQ ID No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 11, SEQ ID NO .13, SEQ 
ID NO.15, SEQ ID NO.17, SEQ ID NO.19, SEQ ID NO.21, SEQ ID NO.23, SEQ 

10 ID No.25, SEQ ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID 
No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID NO.34, SEQ ID NO.36, SEQ ID 
No38 and SEQ ID Nb.40 or a fragment thereof; 

(b) a nucleotide sequence complementary to that of (a); 

(c) a polypeptide of the present invention, preferably the polypeptide of SEQ ID 
15 NCUO, SEQ ID 12, SEQ ID NCU4, SEQ ID NO.16, SEQ ID NO.I8, SEQ ID 

NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID.N033, SEQ ID NCX35, SEQ ID 
NO.37, SEQ ID No.39 and SEQ ID No.41 or a fragment thereof; or 

(d) an antibody to a polypeptide of the present invention, preferably to the 
polypeptide of SEQ ID NO. 10, SEQ ID 12, SEQ ID NO, 14, SEQ ID NO- 16, SEQ ID 

20 NCU8, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NQ.24, SEQ ID NO.33, SEQ ID 
NO.35, SEQ ID N0.37, SEQ ID No.39 and SEQ ID No.41 and optionally suitable 
means for detection. 

It will be appreciated that in any such kit, (a) f (b), (c) or (d) may comprise a 
substantial component. Such a kit will be of use in diagnosing a disease or 

25 suspectability to a disease, particularly CRH metabolism related disorders such as 
CRH induced stress or depression. 

The nucleotide sequences of the present invention are also valuable for 
chromosome localisation. These sequences are specifically targeted to, and can 
hybridize with, a particular location on an individual human chromosome. The 

30 mapping of relevant sequences to chromosomes according to the present invention is 
an important first step in correlating those sequences with gene-associated disease. 
Once a sequence has been mapped to a precise chromosomal location, the physical 
position of the sequence on the chromosome can be correlated with genetic map 
data. Such data are found in, for example, V. McKuaick, Mendelian Inheritance in 

35 Man (available on-line through Johns Hopkins University Welch Medical library). 
The relationship between genes and diseases that have been mapped to the same 
chromosomal region are then identified through linkage analysis (coinheritance of 
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physically adjacent genes). The gene of the present invention maps to human 
chromosome IS. 

The differences in the cDNA or genomic sequence between affected and 
unaffected individuals can also be determined. If a mutation is observed in some or 
5 all of the affected individuals but not in any normal individuals, then the mutation is 
likely to be the causative agent of the disease. 

The nucleotide sequences of the present invention are also valuable for tissue 
localisation. Such techniques allow the determination of expression patterns of the 
polypeptides according to the invention in tissues by detection of the roRNAs that 
10 encode them. These techniques include in situ hybridziation techniques and 
nucleotide amplification techniques* for example PCR. Such techniques are well 
known in the art. Results from these studies provide an indication of the normal 
functions of the polypeptides in the organism. 



15 The polypeptides of the invention or their fragments or analogs thereof, or 

• cells expressing them, can also be used as immunogens. to produce antibodies 
monospecific for polypeptides of the present dnvention. The term 
"immunospecific" means that the antibodies have substantially greater affinity for 
the polypeptides of the invention than their affinity for other related polypeptides in 

20 the prior art. 

Thus in another embodiment, this invention provides a monospecific antibody 
immunologically reactive with a mammalian purine permease. In a preferred 
embodiment said antibody is immunologically reactive with a polypeptide having an 
amino acid sequence selected from a group consisting of: SEQ ID NO. 10, SEQ ID 

25 12, SEQ ED NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID NO,24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID 
No.39 and SEQ ID No.41; and functional analogs thereof or said antibody blocks 
activity of a protein that modulates CKH signalling. 

Antibodies generated against polypeptides of the present invention may be 

30 obtained by administering the polypeptides or epitope-bearing fragments, analogs or 
cells expressing these to an animal, preferably a non-human animal, using routine 
protocols. For preparation of monoclonal antibodies, any technique which provides 
antibodies produced by continuous cell line cultures can be used. Examples include 
the hytaridoma technique (Kohler, G. and Milstein, C-, Nature (1975)256:495-491), 

35 the trioma technique, the human B-cell hybridoma technique (Kozbor et al., 
Immunology Today (1983)4:72) and the EBV-hybridoma technique (Cole et al, 
MONOCLONAL ANTIBODIES AND CANCER THERAPY, pp.77-96, Alan R, 



m 
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Liss, Inc M 1985). 

Techniques for the production of single chain antibodies, such as those 
described in U.S. Patent No.4,946,778, can also be adapted to produce single chain 
antibodies to polypeptides of this invention. Also, transgenic mice, or other 
5 organisms, including other mammals, may be used to express humanized antibodies. 

The above-described antibodies may be employed to isolate or to identify 
clones expressing the polypeptide or to purify the polypeptides by affinity 
chromatography. 

Antibodies against polypeptides of the present invention may also be employed 

10 to treat the CRH metabolism related disorders. 

In a further aspect* the present invention relates to genetically engineered 
soluble fusion proteins comprising a polypeptide of the present invention, or a 
fragment thereof, and various portions of the constant regions of heavy or light 
chains of immunoglobulins of various subclasses (IgG, IgM, IgD, IgE). Preferred as 

15 an immunoglobulin is the constant part of the heavy chain of human IgG, 
particularly IgG I, where fusion takes place at the hinge region. In a particular 
embodiment, the Pc part can be removed simply by incorporation of a cleavage 
sequence which can be cleaved with for instance blood clotting factor Xa. 
Furthermore, this invention relates to processes for the preparation of these fusion 

20 proteins by genetic engineering, and to the use thereof for drug screening, diagnosis 
and therapy. A further aspect of the invention also relates to polynucleotides 
encoding such fusion proteins. Examples of fusion protein technology can be found 
in International Patent Application Nos. W094/294S8 and W094/22914. > . 

25 Therapeutic Utility 

A further aspect of the invention relates to an immunological/vaccine 
formulation (composition) which, when introduced into a mammalian host, induces 
an immunological response in that mammal to a polypeptide of the present invention 
wherein the composition comprises a polypeptide or polynucleotide of the present 

30 invention. The vaccine formulation may further comprise a suitable carrier. Since a 
polypeptide may be broken down in the stomach, it is preferably administered 
parenterally (for instance, subcutaneous, intramuscular, intravenous, or intradermal 
injection). Formulations suitable for parenteral administration include aqueous and 
non-aqueous sterile injection solutions which may contain antioxidants, buffers, 

35 bacteriostats and solutes which render the formulation isotonic with the blood of the 
recipient; and aqueous and non-aqueous sterile suspensions which may include 
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suspending agents or thickening agents. The formulations may be presented in unit- 
dose or multi-dose containers, for example, sealed ampoules and vials and may be 
stored in a freeze-dried condition requiring only the addition of the sterile liquid 
carrier immediately prior to use. The vaccine formulation may also include adjuvant 
5 systems for enhancing the immunogenicity of the formulation, such as oil-in water 
systems and other systems known in the art The dosage will depend on the specific 
activity of the vaccine and can be readily determined by routine experimentation. 

Li still another approach, expression of the gene encoding proteins which 
10 modulate CRH signalling can be inhibited using expression blocking techniques. 
Known such techniques involve the use of antisense sequences, either internally 
generated or externally administered (see, for example, OConnor, J.Neurochem 
(1091) 56:560 iOligodeoxynucleotides as Antisense Inhibitors of Gene Expression, 
CRC Press, Boca Raton, FL (1988)). Alternatively, oligonucleotides which form' 
15 triple helices ("triplexes") with the gene can be supplied (see, for example, Lee et at., 
Nucleic Acids Res (1979)6:3073; Cooney et al.., Science (1988)241:456; Dervan et 
■ aL, Science (1991)251:1360). These oligomers can be administered per se or the 
.relevant oligomers can be expressed in vivo. Synthetic antisense or triplex 
oligonucleotides may comprise modified- bases or modifiedbackbones. Examples of 
20 the latter include methylphosphonate, phosphorothioate. or peptide nucleic acid 
backbones. Such backbones are incorporated in the antisense or triplex 
oligonucleotide in order to provide protection from degradation by nucleases and are 
well known in the art. Antisense and triplex molecules synthesised with these and/or 
other modified backbones also form part of the present invention. 
25 In another process for inhibiting expression of a target gene in a cell, RNA 

with partial or fully double-stranded character is introduced into the cell or into the 
extracellular environment Inhibition is specific m that a nucleotide sequence from a 
portion of the target gene is chosen to produce inhibitory RNA. The RNA may 
comprise one or more strands of polymerized ribonucleotide; it may include 
30 modifications to either the phosphate-sugar backbone or the nucleoside. The double- 
stranded structure may be formed by a single self-complementary RNA strand or two 
complementary strands. Inhibition is sequence-specific in that the nucleotide 
sequences corresponding to the duplex region of the RNA are targeted for genetic 
inhibition. RNA containing a nucleotide sequence identical to a portion of the target 
35 sequence is preferred. Examples of RNA inhibition technology can be found in 
International Patent Application WO 99/32619. 

In addition, expression of the proteins which modulate CRH signalling may be 
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prevented by using tibozymes specific to the mRNA sequence encoding said protein. 
Ribozymes are catalytically active RNAs that can be natural or synthetic (see for 
example Usman, N, et al., Curr. Opin. Struct. Biol (1996)6(4), 527-33.) Synthetic 
ribozymes can be designed to specifically cleave the aforementiond mRNAs at 
5 selected positions thereby preventing translation of said mRNAs into functional 
polypeptide. Riboaymes may be synthesised with a natural ribose phosphate 
backbone and natural bases, as normally found in RNA molecules. Alternatively the 
ribozymes may be synthesised with non-natural backbones to provide protection 
from ribonuclease degradation, for example, 2-O-methyl RNA, and may contain 

10 modified bases. 

For treating abnormal conditions related to an under-expression of proteins 
which modulate CRH signalling, several approaches are also available. One 
approach comprises administering to a subject a therapeutically effective amount of 
a compound which activates a polypeptide of the present invention, i.e., an agonist as 

15 described above, in combination with a pharmaceutically acceptable carrier, to 
thereby alleviate the abnormal condition. Alternatively, gene therapy may be 
employed to effect the endogenous production of mammalian purine permease by 
th& relevant cells in the subject. For example, a polynucleotide of the invention may 
• be engineered for expression in a replication-defective retroviral vector, as discussed 

20 above. The retroviral expression construct may then be isolated and introduced into a 
packaging cell transduced with a retroviral plasmid vector containing RNA encoding 
a polypeptide of the present invention such that the packaging cell now produces 
infectious viral particles containing the gene of interest. These producer cells may be 
administered to a subject for engineering cells in vivo and expression of the 

25 polypeptide in vivo. For an overview of gene therapy, see Chapter 20, Gene Therapy 
and other Molecular Genetic-based Therapeutic Approaches, (and references cited 
therein) in Human Molecular Genetics, T Strachan and A P Read, BIOS Scientific 
Publishers Ltd (1996), Another approach is to administer a therapeutic amount of a 
polypeptide of the present invention in combination with a suitable pharmaceutical 

30 carrier. 

In a further aspect, the present invention provides for pharmaceutical 
compositions comprising a therapeutically effective amount of a polypeptide, such as 
the soluble form of a polypeptide of the present invention, agonist/antagonist peptide 
or small molecule compound, in combination with a pharmaceuticaJly acceptable 
35 carrier or exeipient. Such carriers include, but are not limited to, saline, buffered 
saline, dextrose, water, glycerol, ethanol, and combinations thereof. The invention 
further relates to pharmaceutical packs and kits comprising one or more containers 
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filled with one or more of the ingredients of the aforementioned compositions of the 
invention. Polypeptides and other compounds of the present invention may be 
employed alone or in conjunction with other compounds, such as therapeutic 
compounds. 

5 The composition will be adapted to the route of administration, for instance by 

a systemic or an oral route. Preferred forms of systemic administration include 
injection, typically by intravenous injection. Other injection routes, such as 
subcutaneous, intramuscular, or intraperitoneal, can be used. Alternative means for 
systemic administration include transmucosal and transdermal administration using 

10 penetrants such as bile salts or fusidic acids or other detergents. In addition, if a 
polypeptide or otfter compounds of the present invention can be formulated in an 
enteric or an encapsulated formulation, oral administration may also be possible. 
Administration of these compounds may also be topical and/or localized, in the form 
of patches, salves, pastes, gels, and the like. 

15 The dosage range required depends on the choice of peptide or other 

compounds of the present invention,, the route of administration, the nature of the 
formulation, the nature of the subjects condition, and the judgment of the attending 
. practitioner. Suitable dosages; however, are in the range of O.l-100/tg/kg of subject. 
Wide variations in the needed dosage, however,- are to be: expected in view of the 
20 variety of compounds available and the differing efficiencies of various routes of 
administration. For example, oral administration would be expected to require higher 
dosages than administration by intravenous injection. Variations in these dosage 
levels can be adjusted using standard empirical routines for optimization, as is well 
understood in the art. 

25 Polypeptides used in treatment can also be generated endogenously in the 

subject, in treatment modalities often referred to as "gene therapy" as described 
above. Thus, for example, cells from a subject may be engineered with a 
polynucleotide, such as a DNA or RNA, to encode a polypeptide ex vivo, and for 
example, by die use of a retroviral plasmid vector. The cells are then introduced into 

30 the subject. 

This invention will be better understood by reference to the Experimental Details 
that follow, but those skilled in the art will readily appreciate that these are only 
illustrative of the invention as described more folly in the claims that follow thereafter. 
35 Additionally, throughout this application, various publications are cited. The disclosure of 
these publications is hereby incorporated by reference into this application to describe 
more fully the state of the art to which this invention pertains. 



046 31.10.2002 15:39: 




047 31.10.2002 15:39:5 

-39- 



EXPBRIMENTAL PROCEDURES 

Animal housing and treatment -Male transgenic animals and their wild-type littermates 
5 were maintained in an specific pathogen free facility that meets all national and 
European requirements for animal care. Mice were housed individually 4 weeks before 
the start of the experiment in a climate-controlled animal colony with a 12h dark-light 
cycle (light on 7:00 EST) with free access to food and water. Prior to treatment 3 month 
old mice were randomized over three groups each comprising 4 wild-type and 4 

10 transgenic animals. One group received no treatment, a second group received vehicle 
injection 5 days, 2 times per day (10% cyclodextran (CD), pH4) and a third group 
received 10 mg/kg of a CRH-R1 specific antagonist R121919 in 10% CD following the 
same regime. 16 hrs after last treatment animals were sacrificed for dissection of brain 
areas and subsequent isolation of BNA. 

15 Sample preparation - Macroscopically the following brain areas were dissected from 
transgenic and wild-type animals; pituitary," cerebellum, temporal area, hippocampus, 
frontal cortex, and nucleus accumbens. Brain tissue was homogenized in Trizol 
flnvitrogen life ^technologies) using an Ultra-turrax T25 grinder (IKA-labortechnik). 
Total RNA was extracted using Trizol according to the instructions of the 

20 manufacturer. Total RNA was further purified using Rneasy kit (Qiagen) with DNAsel 
treatment on column. 

Microarray hybridization - cRNA was prepared as follows. Reverse transcription was 
performed on lOjig of total RNA for lh at 42°C using a T7-oHgo(dT)24rprimer and 
Superscript!! RT (Invitrogen life Technologies). Second strand cDNA synthesis was 

25 done for 2 h at 16 P C using Escherichia cott DNA Polymerase I, DNA ligase and 
RNAseH (Invitrogen Life Technologies). After phenol-chloroform extraction using 
phase-lock gel (Eppendorf) in vitro transcription was performed for 6 h at 37*C using 
the Bioarray high-yield RNA transcript labeling kit with Biotin labeled ribonucleotides 
(Enzo Diagnostics). cRNA samples were purified on Qiagen Rneasy columns followed 

30 by fragmentation for 35 tnin at 95°C. cRNA yields were between 50 and 100/£g. 
Samples were processed on GeneChips (Asymetrix, Santa Clara, CA). In order to 
check the quality of each sample, 5Mg of labeled cRNA was run on Test2-arrays. Actual 
experiments were performed on Murine Genome U74Av2 arrays, containing probe sets 
interrogating approximately 12,000 full-length mouse genes and EST clusters from the 

35 UniGene database (Build 74). Hybridization was performed using 15^g cRNA for 16 h 
at 45°C under continuous rotation. Arrays were stained in Affymetrix Fluidics stations 
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using Streptavidin/Phycoerytlmn (SAPE) followed by staining with anti-streptavidin 
antibody and a second SAPE staining. Subsequently arrays were scanned with a HP- 
Laser&canner and data wete analyzed with the Microarray Suite Software (Affymetrix). 
No scaling or normalization was performed at this stage. Quality of the experiment was 
S assessed based on the percentages present calk (see table). 



Area 


Present calls 


375' B-Actin 


375' GAPDH 


temporal area 


46.15*1.98% 


1.96±0.53 


1.46±0.3S 


hippocampus 




1,58±0.39 


122±Q-29 


cerebellum 


47.14±213 


1.67±037 


<X97±0.08 


frontal cortex 


44.68±2.23 


L85±0.39 


l-29±0-26 


nucleus accumbens 


44,27±2.11 


2.69±0.85 


2J2±1.20 


pituitary 


45.33±1.67 


1.53±0^28 


1.25+0.21 



Samples with low yields of RNA or low percentages present calls or deviating 375' 
ratios were omitted from subsequent analysis. The number of animals that were ussd 
10 for analysis are shown in table. 





WT 


WT 


' WT ' 


TO Wtoreoted 


TG 


TO 




untreated 


vehicle 


*m$t9 




vehicle 


R121919 


temp, area 


4 


4 


4 


3 


4 


3 


hippocampus 


4 


4 


4 


3 


3 


4 


cerebellum 


3 


4 


4 


3 


4 


3 


frontal cortex 


3 


4 


4 


3 


4 


4 


nucleus 
accumbens 


4 


3 


4 


4 


3 


4 


pituitary 


4 


4 


4 


4 


3 


4 



15 Data analysis and selection of genes 



Raw intensities on each airay were normalised using the following algorithm: 



f 



lOg lattgned = l0g/raw + 



samples 



# genes x# samples 



log- 



^JmmJ sample ^ rtr *^ 



it genes 
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Baaically this alignment sets the average intensity of one array to the average measured 
this normalization compensates for array to array variations in hybridization, washing 
and staining* ultimately allowing a reasonable comparison between arrays. After 
5 normalization, data were analyzed using weighted spectral mapping analysis (SMA) 
(7). Weighted spectral mapping is an unsupervised multivariate analysis method which 
includes double : centering of the data combined with a specialized visualization 
representing the two highest principle components explaining most of the variance 
within the dataset. Even though double-centering removes the "size" component of the 

10 array data, this information is reintroduced in the visualization via the area of the 

symbols representing the size of the respective samples (depicted by squares) and genes 
(depicted by circles). What remains are contrasts between the different genes and 
contrasts between the different samples of the data table. These contrasts can be 
expressed as ratios due to logarithmic transformation performed by the algorithm. The 

IS contrasts can be understood as specificities of the different genes for the different 
. samples. Conversely, they refer also to the specificities or preferences of the different 
samples for some of the genes. Therefore, one could state that SMA provides a 
visualization of the interactions between genes and samples. This method allows the 
reduction of a large microarray dataset and provides means to visually inspect and 

20 thereby identify clusters of genes and/or subjects in the data. In the spectral map 
samples which cluster together can thus be interpreted as being similar. 
Correspondingly samples located at opposite sites of the axes or the center can be 
interpreted as being dissimilar. 

In addition to this overall analysis the identification of individual genes with a different 
25 expression level between groups were identified using significance analysis of 

microarray data (SAM) (8). SAM identifies genes with statistically significant changes 
in expression by assimilating a set of gene-specific t-tests. In contrast to the classical t- 
test, this gene-specific t-tests not only takes into account the variance observed for a 
particular gene but also includes a so called fudge factor covering the overall variance 
30 across all genes measured Genes with scores greater than a threshold are deemed 
potentially significant In order to estimate die number of false positives among these 
potentiaUy significantly changed genes. SAM uses permutations to estimate the false 
discovery rate. To this end t- values are calculated iteratively on permutations of the 
measurements. The threshold can be adjusted to identify smaller or larger sets of genes, 
35 and corresponding FDRs are calculated. In addition to the threshold delta that 

influences the number of significantly changed genes and a corresponding FDR, a fold 
change threshold can be imposed to discards genes that show only a limited difference 
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in expression between samples. These changes are probably from a biological point of 
view of little significance. 

K-means clustering of expression data obtained on a given brain area was carried out 
using the OmniViz program. All records which were absent in all samples were 
5 removed and all signals less than 20 were set to 20. This allowed the clustering of genes 
with similar behavior. 

Quantitative RT-PCR - Microarray data were confirmed using real time PCR analysis. 
Hist strand cDNA synthesis was performed on 0^g total RNA using random hexamer 
primers and SuperscriptH RT Ohvitrogen Life Technologies). Quantitative PCR was 

10 performed on a ABIPrism 7700 cycler (Applied Biosystems) using a Taqman PCR kit. 
Serial dilutions of cDNA were used to generate standard curves of threshold cycles 
versus the logarithms of concentration for fl-actin, CRH receptor 1 (Crh-Rl),. CRH 
receptor 2 (Crh-R2), neurotensin receptor 1 (Ntsrl), neurotensin receptor 2 (Ntsr2), 
neurotensin receptor 3 (Ntsr3), HB-hydroxysteroid dehydrogenase 1 (ftsdll&l) and 

15 serum/glucocorticoid regulated kinase (Sgk). A linear regression line calculated from 
the standard curves allowed the determination of transcript levels in RNA samples from 
me different treatment groups at each brain area. 



' U-actui forward 


5'.CATCTTGGCCTCACTQTCCAC-3' 


fl-actin probe 


5 7 -TGCTTQCTGATCCACATCTnrTfirvA.^' 


Q-actin reverse 


5*-GGGCCGGACTCATCGTACT-3 ' 


Crh-R2 forward 


5'-GGGAGAACAG AAGCGCCTG-3 ' 


Crb-R2 probe 


5*-AGAAGGGTGAGGATCCCCCAAATCAGAGT-3' 


Crh-R2 reverse 


5^C(XOTGTTTCAATCACTCCCA-3 ? 


Crh-Rl forward 


S'-TTTCTGAACAGTGAGGTCCGC-3' 


Crh-Rl probe 


5 *-CCGGAAGAGGTGGCGGCGA-3 ' 


Crh-Rl reverse 


5*-GGGCTCTGATGGAGTGCTTG*3' 


Nisrl probe 


5 "-CC AACGTTCTCC AGGAAGCC AAACAG-3 * 


Ntsrl reverse 


5 *- ACGC ATGGTTGCTGGACAT-3 * ! 


Nt$r2 forward 


5'-TGGTGACCAACACGCTCrTCT-3' 


Ntsr2 probe 


S'-TCAGCTCGGCAGTGACCCCA^' 


Nlsr2 reverse 


5*-AGGAAGACACGGCGTTGTAGA-3' 


Ntsr3 forward 


5'-GG AAGCCGGAGAACAGCAA-3 ' 


Ntsr3 i>rpbe 


5*-TGCGACGCTACCGCAAAGAACA-3* 


Ntsi*3 reverse 


5 ' GGATATGAAGGCTGCACTCGTT-3 * 


Sgk forward 


5'-TGGACCAATGCCCCAGTT-3' 
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Sgk probe 


5 1 -TCAOTCAAA.GCCGTTGGTGTTTTCATTG-3• 




5'-GCCCGTTTTATAGGTGACATTTTAA-3* 



RESULTS A DISCUSSION 

In order to study the effects of prolonged CRH administration on the central nervous 
5 system we compared gene expression profiles in brain regions derived from CRH 
overexpressing mice to those of their wild-type littermates. In addition we studied the 
effects of CKH-R1 antagonist administration on these expression profiles. The brain 
regions investigated in this study include pituitary, nucleus accumbens, frontal cortex, 
temporal area, hippocampus and cerebellum. Expression of CRH receptor I (CRH-R1) 

10 and 2 (CRH-R2) was measured in brain areas using quantitative real time RT-PCR 
(RTq). Although CRH-R1 was readily detectable, no reliable measurements could be 
obtained for CRH-R2 in these brain areas. The observed expression levels of CRH 
receptors in these brain areas correspond with previous reports of high levels of CRH- 
Rl in cerebellum and frontai cortex and lower levels of expression of CRH-R2 which is 

15 mainly a peripheral receptor (see figure 1)(9). 

RNA isolated from the different brain areas derived from different animals were 
processed separately on arirays containing 12000 murine JEST. After normalization data 
were analyzed per brain area. First pass examination of data was performed using 
spectral map analysis (SMA), allowing an overall graphical interpretation of gene 

20 expression responses in relation to the treatment group and genotype. SMA indicated 
no gross changes in expression between treatment groups for all areas except pituitary. 
In all brain areas most samples derived from transgenic animals (Tg) are clustered at a 
different location than those derived from wild-type animals (WT). This is most 
obvious at the level of the pituitary where a clear difference in expression pattern is 

25 observed between Tg and WT animals wiih samples clustered at opposite sites in the 
spectral map. Taken together these data indicate that life long exposure to CRH induces 
changes in gene expression profiles in all studied brain areas, with the most prominent 
effects observed in pituitary. These changes in expression profile are not affected (or 
only to a limited degree) by a 5 day treatment with CRH-R1 antagonist as exemplified 

30 by the pituitary spectral map. 

In order to identify genes that were significantly changed, the significance analysis of 
microarray data (SAM) algorithm was applied. In agreement with the SMA only a 
limited number of genes was found significantly changed in most brain areas (see 
supplementary infonnation). In pituitary however more than 300 genes were differently 
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expressed between WT and TG animals. Gene expression profiles in the studied brain 
areas of CRH overexpressing mice elucidated previously unrecognized homeostatic 
mechanisms present in these animals. In general the observed expression profiles point 
towards a few pathways that are affected in transgenic animals (TG). 
5 TG animals have plasma glucocorticoid levels that are 6-8 times higher than in WT 
animals (see figure 3). As a consequence gene expression piofiles show an adaptation 
to these high levels of corticosterone. This is achieved both by downregulation of 
enhancers of glucocorticoid receptor signaling such as llB-hydroxystetoid 
dehydrogenase type 1 (llfl-HSDl) in hippocampus and upregidation of putative 
10 repressors of this signaling pathway such as FK506 binding protein 5 (Fkbp5) (see 
figure 4). 

Tissue glucocorticoid concentrations are determined not only by plasma hormone 
levels, but also by two intracellular llfl-hydroxysteioid dehydrogenases (type 1 and 2), 
which locally interconvert active glucocorticoids and inert 11-keto forms. 11B-HSDJ, 

15 the predominant isofomt in the brain, appears to function as predominant 11JJ- 
reductase, regenerating active glucocorticoids from 11-keto forms. By studying 118- 
HSD1 deficient mice it was demonstrated that the intracellular regeneration of 
. glucocorticoids by 1 16-HSDX plays an important role in HPA-axis control. In response 
to restraint stress these mice show exaggerated ACTH and corticosterone levels.- In • 

20 addition 116-HSD1 deficient mice were less sensitive to exogenous Cortisol 
suppression of HPA activation, suggesting a diminished glucocorticoid feedback in 
these animals. In view of the significant downregulation of 116-HSD1 in hippocampus 
of CRH overexpressors it can be envisaged that these mice have an altered 
glucocorticoid feedback. 

25 FbpS was found upregulated in all brain areas tested, although only significant in a few, 
all other showed a similar tendency (figure 4). The observation that the exchange of the 
immonophilin Ekbp5 for Fkbp4 is an important first step of for activation of the 
glucocorticoid receptor (GR) is of interest. In squirrel monkey and New World primate 
genera in general, Fkbp5 has been identified a potent inhibitor of glucocorticoid 

30 receptor binding. Our observation of induction of Fkbp5 could be explained as an 
attenuation of the GR in response persistent high levels of circulating glucocorticoid. 
Another indication of altered glucocorticoid signaling is the upregulation of 
senim/glucocorticoid kinase (Sgk) in cerebellum, nucleus accumbens and temporal area 
(figure 4). Sgk is a serine/threonine protein kinase of which transcription is induced by 

35 glucocorticoid and serum and is regulated by anisotonic and isotonic cell volume 
changes. In rat brain it has been shown that Sgk mRNA levels were increased by 
dehydration in the temporal lobe, including hippocampus. In the same study it was 
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demonstrated that Sgk markedly increased the activity of the neuronal K* channel 
Kvl.3 suggesting that Sgk might participate in the regulation of neuronal excitability. 
Of interest is a recent report on facilitation by Sgk of memory consolidation of spatial 
learning in rats. Sgk was shown to be differently expressed in fast learners versus slow 
5 learners, moreover it was demonstrated that transition of Sgk into the CA 1 region of 
hippocampus leads to increased water maze performance (10). In that respect it is 
striking that while this study demonstrates that CRH overexpressors show high levels 
of Sgk mRNA, these animals have been reported to exhibit a profound learning deficit 
(11). 

10 Neurotensin receptor 2 (Ntsr2) was found downregulated in several brain tissues 
including hippocampus and nucleus accumbens except pituitary (see figure 5). 
Neurotensin (NT) is a trideeapeptide which is found in high concentration in numerous 
areas of the CNS where it plays a role as neurotransmitter and neuromodulator. When 
NT is administered by intracerebroventricular injection a variety of CNS effects are 
15 observed, including hypolocomotion, hypothermia, analgesia, and reduced food 
consumption. Three receptors for NT have been identified (Ntsrl, 2 and 3). Studies of 
•Ntsrl deficient- mice demonstrated this receptor to be responsible for the effects of NT 
• -on body temperature, feeding behavior and hypolocomotion. Ntsr2 on the other hand • 
• ' seems to account for the analgesic effects of NT as demonstrated by applying an 

20 antfsense strategy in mice brain. The observation of Ntsr2 downregulation prompted us 
to investigate expression levels of other members of the NT receptor family by RTq. 
Ntsr3 did not show any change in expression in all areas tested. In contrast Ntsrl was 
significantly downregulated in CRH overexpressors with the effect being the most 
pronounced in hippocampus (figure 5). Level of downregulation was higher for Ntsrl 

25 than for Ntsr2. Striking was the upregulation of both Ntsrl and Ntsr2 in vehicle treated 
animals (both tg and Wt) compared to untreated animals. This increase in expression 
level was abolished in R12101O treated animals, suggesting that repeated stress induced 
expression of Nstrl (and to a lesser extent Nstr2) and that this induction could be 
reverted by a CRH-R1 antagonist (even 16 hrs after last treatment). Our data 

30 demonstrate for the first time a link between CRH and NT systems in CRH 
overexpressiug animals and suggest a role for these NT receptors in repeated stress. 
Other pathways affected include intracellular calcium signaling/sensing (hippocalcin 
like 1, calcyclin, ..-), myelination (myelin, myelm-associated glycoprotein, ...), cell 
proliferation and neurogenesis (Edg2, M2, GAB1, ...) and extracellular matrix 

35 formation (decotin, brevican, . . .). 

Hippocalcin like 1 (Hpcall) belongs to the neuronal calcium sensor family family of 
Ca 2+ -binding proteins which play a role in diverse processes, including modulation of 
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neurotransmitter release, control of cyclic nucleotide metabolism, biosynthesis of 
phosphoinositides and indirect regulation of ion channels. It h as been demonstrated that 
hippocalcin might potentiate the protection from apoptosis exerted by neuronal 
inhibitor-of-apoptosis (JAPs) proteins. 
5 The changes of expression observed in genes encoding proteins involved in 
myelination. cell proliferation and extracellular matrix formation suggest a change in 
the dynamics of neurogenesis in CRH overexpressors. In support of this are the changes 
in expression observed mainly in nucleus accumbens involving the endothelial 
differentiation lysophosphatidic acid G-protein-coupled receptor 2 (Edg2), growth 
10 factor receptor bound protein 2-associated protein 1 (Oabl), Inhibitor of DNA binding 
2 (Td2) and fibroblast growth factor receptor 2 (Fgfr2). 

As the pituitary is the primary target organ for CRH it is expected that prolonged 
elevated levels of CRH as present in CRH expressors induce major changes in 
expression profiles in the pituitary of transgenic animals. The activated state of the 

15 pituitary is exemplified by high expression levels of several kallikreins, which play a 
role as proprotein concerting enzymes in the processing of. diverse hormones secreted 
from the pituitary. Striking are the elevated levels of preproenkephalin A (10 times 
higher in Tg^versus Wt) and to a lesser extent of prodynorphin (2 times higher in Tg 
versus- Wt). .This finding of elevated levels of . endogenous opioids in CRH 

20 overexpressors is in line with, the notion that these opioids represent a major 
modulatory system in the adaptation of an organism tp chronic stress, balancing the 
response that the stressor places on the brain with the potentially detrimental effects 
that a sustained stress response may produce. Other interesting findings in the pituitary 
include elevation of Bdnf mRNA levels, one of the most prevalent neurotrophic factors 

25 in the brain. This increase in Bdnf is in contrast to reports of acute and chronic stress 
decreasing levels of Bdnf in hippocampus (11). 

fci conclusion gene expression profiling of several brain areas of CRH overexpressing 
mice elucidated previously unrecognized homeostatic mechanisms present in these 
animals, The identification of genes altered in CRH overexpressing mice compared to 

30 wild-type Jittermates allow further molecular characterization of this animal model of 
chronic pituitary-adrenal activation . We provide the tools to evaluate at the level of 
gene expression the consequences of prolonged exposure to CRH, which could 
eventually lead to the use of novel markers in stress, anxiety or depression both in 
animals and in humans. In addition we demonstrate that administration of a CRH-R1 

35 antagonist does not lead to a general 'normalization' of expression levels in transgenic 
animals, although at the pituitary level some effect of the compound is measured. In 
addition repeated stress inflicted by the treatment seems to elicit a response in gene 
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expression of specific genes such as neurotensin receptor L This effect can be reversed 
by CRH-R1 specific antagonists, suggesting a close link between neurotensin and CRH. 
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SEQUENCE LISTING 
SEQIDNO.l 

5 ttutttmtmttt^ 

tccaggaar^ttcaagcagcagtcatgagggaaaaatgtttcaatagcccagttttcttca 

SEQIDNo.2 

10 tmtttttmtttttccaacttxiacgttutm^ 
tmttctagactctgt&actttmttt^ 



gtttagtgaagcagaaggagggagcacaggga 
15 SEQIDNo.3 

mmtttttmmggncatgaagtgtgtttot^ 

20 SEQIDNO-4 

atatttaactcaaggcagaggaaagauatcccagctaalaato^ 
ttccgtattcamtaaacatcagtgcat^ 
tncaataataaactaacata 

SEQIDNo.5 



gaagecaaagatcatttgcatgrniatrtaaaagtaaacagrt^^ 
aagttacaagtcaaataiuitatgacatta&gaatttttggmt^^ 
30 raagataraaaaatetgtc^tgggcgagaatacamcttt^ 

SBQIDN0.6 

tmttrattmtttggntttmtcacamattgttacat^^ 
33 ggacaatapcaagggtaacagtgaaattaaaaaaaftaaaaaaaantac^ 
tgtaaatgactccagcctggtcttccgattgc^ 
ggglggtgggcctctgcccafcccarotgcgttc^ 
acggtcagtctcctcgtgccg 

40 SEQBDNo.7 

gxggcaflcacaggaaacti^cagaccttggttw^ 
caggacagagggcagargtccacagccttgggcatgca^ 
gtggggagoatcatwggccacaggggaccatgctttaaaggcagtra^ 
45 aaagtaaggataccacggtatatacatgcaagcagctrtggctgg^ 
gtetotcttciuiatcctGacaaagtfa^ 
gcciiccgmggcagggaagggnccttitncgagata^ 



SEQ ID No.8 

tttatttgatratttmaiatgccaggtcaatgg&aagg 
ggcargcatgu 
CMgctttaag 

55 SEQIDNo.0 
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5 



10 



55 



ccaeagctfacctgactatagctcaatataagagggg^^ 



agcca<agacctga(xaaggactctegcc^ 



ggcaggtccatctacggagagaaatttgaggatga^ 



15 aaccattcroctgtegctcataagaacacccc^ 
c*ttoaagtctagctggattgcaaagttaagctta^ 
gaggtacc attaac taaattcaamatatgttct^ 
aaaaaggatttmtgcaaaaacacataccc^ca^ 
actttaaagtaggaaaaiatttacatagtcBctgcaiga^ 

20 igca^mgtgtrtgaaiiggttgctggate^ 



25 

ggtagatgtgaccttaggaaaccaaaatatcct^ 
ggaaaaaaafctecfcmgttwicmactcato^ 
gtgnwg&gagagttggctccmgcra^ 
30 crauccmgutggcatattctagfctgcatt^ 

c^gtgggtmtetnoaggaggccttcatt^taawaaciujcatgctctcct^ 
gaggctgcagttgttmttmtcitatccc^^ 



catcigcccagee^teccccacgg^ 
35 cagcttetgctgaggtgcaimgggtttt®gaa^ 
iggtagatgcmetgcgcaxuxtggaagctgara^ 



agggagtgagaaggtccttatttgtgcttacuMgtcca^ 
40 cttagagtgacaagcagatttetgaaciattttggaagttgct^^ 
aacgtgMcaaaccaactgtgatto^^ 
ggagaagagmgaagaaaccagcategatgacagaaact^ 
cagacatggagaaggggaacaagcttcagaatccc^ 

gtoatttc^gagccaaacttgcaggctatmtcctttocacatttta^ 
45 cttgttecttetetctgateatatcagctt^^^ 

tgciggttmtgcaattggctgtatecatggcagc^^ 

ggaataattatgagtgatgtactcagttatggccc^ 

tgctctcagtct^ggttcgguggatggagacaagctcattcatgtgcagaagtgggat^ 



50 ^gctefcccccimccccttamw^^ 
ctcaggttggcacctgfcgagttttaa^ 



aattaaggcattttaaacattttaaattttogtttataagagctcagtgcaaataatmaac 
ttacagttgtmcqtamaaigftatcagctaagt^ 



aigtctggggtteccttacaaactcctgc^ 
cagaactaitctgtacttaaatac 
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20 



tggtcaggcaa 
cttttttttgta 



^^ggcatagaagagatgacaggactmgacaactt^^ 

10 teggtgtggaggtagMaattaeaattctaagatgtgttftctccaagcaactcatgggatm 
actttttatagaaatgggaatatottatg^^ 



gacccagaaaaata*ggagatgcca<»taittga^^ 
goctacaaaaatgaicttttgcumaaaaacagtata^ 
15 cagtgccamtcaaagttttatogcaaa^^ 
- titocaaagttaagaatggtacaatgaagccte^^ 



SEQIDNq.10 
CYKA 



25 SEQIDNo.ll 



45 



50 



55 



gwggccaatctcctggtcatggtggcaatctac^ 



40 &tgtggatetgtgaaccccacc*t^ 



aitgagtata 



aaactgacatagatgagttgtttttttttttttg^^ 

laccagtattcamaggctacagg 
gctctccaaac 
aagcctgtggt 



aaaaaccatatcctaateaati 



attcctgtatt 
attcccatgaaggacet 
;ctgacaaaaagcteagaaatta 
taacccagacccttaacataactagcaaatrtacttta 
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gatccagttagcaggacaaagatragctegaggattcccc^ 
talgggggftggtoaggactntttgaaUgaaaagc^^ 
tctattttcgagaagcetctggctgtgctgigatgs c ^^ 
ccicaiecatgagactf^tgagagaxigtgttaccteaatgga^^ 
5 gtatgtataaataagataaaataaa 

SEQIDNo.12 

MAAASTSSPVISQPQFTAMNEQQCFVNESIAFFY^ 
10 LANIXVMVAT^VNRRFHFPlYYm 
DTSLTASVANLLAIAIERHITV^ 
DHCSNMAFLYSDSYLVPW^ 
SllJCTVVmXlAIWCWTPGLVLXJXDVC^^ 
ATFRQE^CQRNENPNGOTEGS^^ 

15 

SEQ IP No.13 

cccaj^gataagctgacgctgggcaaacccctgggggaaggttgcttcggg 
20 aggaggcggtcaccgtggcagtgaagatgttg^ 

ggaaacataagaacattateaacctectgggggcct^ 

cctccgagcccggaggcc&cctggcatggagtactctt^ 

ccagctggctagaggcatggagtacttggcttcccaaaaatgtaiccatcg 

atagcagacmggcctggccagggatateaacaacaiagactactataa^ 
25 cittttg&tagagtttacacEcatcagagcga^ 

ggaggaactmtaagctgcteaaagagggacacagga^ 
. ^cc&ccacagagac^cattcaagcagttggtc^ 

c$aacagtattctcctagttaccccgacacaag^ 
. ' gtatc^ascaeaaacgficagtgttaaaacatga . . . 

30 

5EQ1DN0.14 

PRDKLILGIO^X-GEQCFGQVVMAEAVOIDK^ 

35 DLVSCTYQLARGMEYL^SQKCr^ 

IPVKWMAPEAIJ^RVYTHQSDVWSFGV^ 

CTNELYMMMRDCWHAVPSQRPTFKQLVEDL^ 

SGDDSVFSPDPMPYEPCLPQYPHINGSVKT 

40 

SEQ ID No.15 

ctcgagtcctcacggcgtgcaccatgagcggcggcgaagt^ 

tggaagagaaggtggtttgegttgcgcagtgg^gt^ 
45 tettjgateuwatttatgtcagcaagt^ 

tacttggtggcagatagtgaggMgacatgaacaagtgggi^ 

gactggctccKacaagcacccgtcgattcacctucgctotaag^ 

ccaggtcatcagccttCGgccacacccagacaccctcgggcte^ 

acctaacagaaccctcmgactctgccaagcccaM 
50 aacacggaatgaatggctttttgcagcaacaaa^ 

aggagctatteccatgacgtgttgecaaaggaatccccatcan^ 

gtagaaacgcagatgagacatgtati^tcagttocg^ 

ggacagtcatcaiuigctggataccattcctgatatccccccacctcggccaccaaa 

gicccacgcacggcctcggacactgacagpagttactgwtcccicctccagtaggcatgacg 
55 caagttgpggaaagoigctagttctcaagattgctotgatote^ 

atcaaaogcgtgttgacagcgggaggtgtctcgggtgaagagctggatgag^ 

agctttoccgagccaatccaggagccaaactatgtgttaatgac^ 
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gcticaggtccagcccaaagacc^usccaggaggc^ 
gtcaagccggcacctttegacatoaaacct^ 
tetaggtttcccmgtccccto^^^ 
ctgtctggcgaagaeccgaatctcmgccagcaacagcc^^ 



'10 aiowccttaacagacmccttgggaggtettttggcctc«to 
gaagctacagggctaacaccattaaaacaagaag^ 

SEQ JO No.16 

15 

MSCXJEWCSGWIJRKSFFEKKXJ^^ 
LCQQVDAGLTFNKKEFENSyiFDlNTIDRIF^ 
OSSQ/0»VDS*FAISTAPASSQMEASSV^ 
NRTLFDSAmFSETIXSsro^ 
20 O^RSYSHDVI^KHSPS^EADGELYTFNTPSGTAOW 
LGQSSKUWIPI^^ 

SGSFI^lQEIWrVPMTPOTF^ 

rvdwvvdqqktlalkstreawtogr<^tesetptknvk: 

SEQIDN0.17 • • 

30 

gtegacrcacgcgtccgggcggcggcagcgggtggtgg^ 
ctccgagcggcgaaggtcgcagagcaggcgcggcggctgc^ 



35 e^tgtggacgagttcaagaagatetac^^ 

gaiggcaccatcgacltccgggagttcaicaitgc^^ 
ggacggcaatggctacaieagccgcagcgaaatgctgga^ 
ccacgeccgagaagcgaacagacaagatcttcag^ 
cg^catccattetccggttgctgcagtg^ 

40 ctgccatattcagctttgrogtiifla&gtggattfctec^ 
acrgtggcttecfcctcctccagtccag^ 
taaggacarogacaggactttaagtatcttaccaaga^^ 
ggcaagcccttcxtgtgcatggctccaecra^ 
gtatggtgagatggactanuttgttcagcccctg^ 

45 gg<*gtgctgtggteKtatgcattcatga^ 

tgmctgtgtgctctgtccttoctgtcgattggtatggcataitaaiuitgatcaoat 

SEQB0NO.18 

50 MGKQNSKU^EVLQDIJt]^ 
FAEHVERTFDTNSDGTID^ 
KMVSSVMKMPEDESTPEKRTDK^ 



55 SEQIDNo.19 
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BgatgagiragaaggataBagaggafigagagagagagngagaflgag^^ 
agcetcaaggggcctgagrcaggwmgtttgatggcagtuitgaaaaat^^ 
atgaagagtteagawagaaatgctccagggaiukgoaagtgattgtc^ 



10 ^aaartgcctctgactecaatettgcttgggaafcwa^ 

Baactcctgagrcctggtgagtggtcttagaacagtaagccta^^ 

acaceteaieatgagaaatteitgcaacacttgeacag^ 

tatggatataaacfl<»tagtggttgtatcggctttaccteacaM^^ 

aatgeaaaaaa&aaaaaaaaaaaaaaaaaaaa *"~ 



15 



SEQ ID No.20 



MAVMKNTmPILVI^AYYYYSTN^^ 

TAKSEEQIXJKWSRCLELGAASAHVlAGTMEDMTFAEQFIVKAOia^ 
20 LFHDDIHSVRRVMEVNFIJSYVVMSTAA^ 

GFFSTmi^YrTKVhTVSITLCVLGIJOTETAMKEISGinDAlASPKEECA^ 
KIJ^TPILLGOTGRKIMEEFS1jR.YYNKDMFVSN 

25 SEQ ID No .21 • 



30 



35 



45 



cagaacfiagtaetccataaatmagctggtgctattcttaaaaaaaaaaaaaaaaaa 
SEQ ID NO-22 



^SSLVmOTSPSAGW^ 

POMJRYI-IVLSLALSALLIXLISWMELYNI^SI-IYPWW 
LSA^CUlVCQPLRARRIX™ 

YIPDDGWTOELYDFYHYFYMVTNTIJ^VSS^^ 

PQEAPESTTSTYSFRLWGSPRNPSLGEIQV ^ 



55 SEQIDNo.23 
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25 



35 



40 



45 



50 



gatwttecggtatettgetgaagtogcugrggcgatgaiega^^ 
aaggagatgMgeetacgcatccaatccgrctggggctggcte 



5 



10 SEQEDNo.24 

MEKTELIQKAKLAEQAERYDDMATCMKAVTEQ 
SSn^KTDTSDKKLQUKI>YREKVESEUlSIC^ 
YJ^VACGDDMCC^IETOQGAYQEAEDIS^^ 
15 KTAFDEAL^ELim-hreDSYKDSTLlMQllJRDNLTLWTSDSAGEECDAAEGABN 

SEQ ID No.25 

20 tt^t^ttttccwtc^ctgctggctttattactgggcaggggaaacaga^ 
g«cagcm<^taggeagggtgggcaeactagcaagtgp^^ 
cattatggteaigtagcaggacaggtgegcggtteatgg^gagaagce^^ 

tctgtaaaettctga 
SEQIDNo.26 



gccattaaigptttottccH^ 

3U ^^tgauecatactggtgcaacctggtggaagtencaggacacttaacaaaa^ 
aa^^cumgcaigpttragag^t^^^ 
aactgigaaactggaattcctgaggjttm^^ 



SEQIDN0.27 

#^aggacgcctcccccacacc^^ 
tccigtggcctrcmttctctggttm^ 

SEQIDNo.28 

agcaatgaatgtggaacatgaagtiaaccccctggtgga 



gtgaattrcct&tgmittttatagaart^^ 



SEQIDNo.2$ 

attggtgca^gtgtugctagctcacttgtc^ 
catttttcngtctettcactfmgigtggctgg^^ 
atgatgttgcuggcacagactgtattaaaaeaacactcccgtga 

55 SEQIDNo.30 
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agciatatttg* 
aagtttgtgccttefetfagcaa 



SEQIDNo.3l 
ittlltCCtC! 



10 



15 



20 



25 



30 



igtagtgflficatttttteiatttttaKiataagtctcataagftaaaata 



ttgtaagaaiatacgcaaagaattcagagtataaaa 
.ccttgagaaggtg 



SEQIDNo.32 



ggtgaagatatcactacgaagaaagacagagga, 



agaacagtgtaitctatatctiggaccacgctat 



tganc 



35 ^^^»^ssss==rs 



tgttgitcctccaacgcccgtcattagtgacagcmctctctgai 
aaggacgat 

40 SEQIDN033 



toaaocaaactcagtgat 

let 

ccacagactc 
etc 



45 SSS^-™— 



so 



SEQ ID No.34 



55 



cttctca 
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acaaacgctatgggggcltcctgcggcgcattcgccccaagctgaagtgggj— — - - - SBB««saggncctgt 

tgacgcggtcccaggagaaccccaatacctattotgaagatttagatgtttga 

SEQlDNo.35 



GFSSFLTLTVSGIJRGKDDLJ2DEVAIJ^GISAHA^ 
10 GKESELAGADRMNDEAAQGRTVHF^ 
QVGHEDLYKRYGGFLR]^^ 

SEQBDNo.36 

ggtcotgatccacgaccacccacccggcaaggttctctctaagagaaccugtcagagaca 
^gcggMeccgaggcmgcacciggc^^^ 
20 ^gta«gcctggttegc*c^^ 

sawteetgcaggtgtccaggccegagt^^ 
gtMggaggcttcatgaaacggtacggaggc^ 
<*tte^»BBtategcgg^ 

•25 SE2SESEE==2SE=^^ 



t 



gatgracttgteacatgetgcc 
30 

SEQ ID No37 

40 

SEQ ID No.38 



tactttgtcctggactacattaatg 
gaatatt 



gtcrtggfifgct$tectgtaegAgatgctctticggcctgcccccgtmdtflgccg; 

55 



goncacggctgagatgtocgaeQatattctgiiacaagcctctccagt 

aUdagagtcatatccccttctctttaattaacci 



uoo J1.1U.2U02 15:49 



-58- 



tagctccaggcgag 
agtctgtctgagctgigalca 



SEQIDNo.39 
SEQIDNo.40 

25 



atccctgagccggcacgtctcgac 

30 ESSaESEErTT 11 ^^ 



35 



icgtgctgtggc 



40 *SE±2~^^ 



45 :==^S~^=~s=ssssss 



rtcccaga 



ttttgcacggggaecttc&cc 

;tctgagactccac 
ccaagcagccaccct 



aaacactgct 



iggaftngacuagact 
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;gactgtctt 
attata 



5 r^rr^^ 



SEQIDNo.4l 
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CLAIMS: 



1. A method of diagnosing a CRH induced gene expression profile in an individual 
5 said method comprising; 

a) obtaining a biological sample of said individual; and 

b) determine the level of gene transcription of a gene comprising a nucleic acid 
sequence selected from the group consisting of SEQ ID No. 1, SEQ ID No,2, 
SEQ ID No.3. SEQ ID No.4, SEQ ID NO.5, SEQ IDNO.6, SEQ ID No.7, SEQ 

10 ID No.8, SEQ ID NO.9, SEQ ID 1 1, SEQ ID NO.13, SEQ ID NO.IS, SEQ ID 

NO.17, SEQ ID NO.19, SEQ ID NO.21, SEQ ID NO.23, SEQ ID Na25, SEQ 
ID No.26, SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ ID No.30, SEQ 
ID No.31, SEQ ID NO.32, SEQ ID NO.34, SEQ ID NO.36, SEQ ID No.38 and 
SEQIDNo.40. 



15 



2. A method according to claim 1 wherein the biological sample is a bodily fluid or 
tissue sample 



3. A method according to claims 1 or 2 wherein the level of gene transcription is 
20 being assessed using a probe which binds to a polynucleotide comprising a 

nucleic acid sequence selected from the group consisting of SEQ ID No.l, SEQ 
ID No.2, SEQ ID No-,3, SEQ ID No.4, SEQ ID NO.5, SEQ ID NO.6, SEQ ID 
No.7, SEQ ID No.8, SEQ ID NO.9, SEQ ID 11, SEQ ID NO.13, SEQ ID 
NO.15, SEQ ID NO.17, SEQ TD NO.19, SEQ ID NO.21, SEQ ID NO.23, SEQ 
25 ID No.25, SEQ ID No.26. SEQ ID No.27, SEQ ID No.28, SEQ ID No.29, SEQ 

ID No.30, SEQ ID No.31, SEQ ID NO.32, SEQ ID NO.34, SEQ ID NO.36, 
SEQ ID No.38 and SEQ ID No.40. 

4. A method accoiding to claim 3 wherein the level of gene expression is 
30 determined using microarray technology. 

5. A method of diagnosing a CRH induced gene expression profile in an individual 
said method comprising; 

a) obtaining a biological sample of said individual; and 
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b) determine the amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signalin g in said biological sample; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEQ ID NO.IO, SEQ ID 
12, SEQ ID NO.14. SEQ ID NO.16. SEQ ID NO.IS, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID N0.24. SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO 37 SEQ 
IDNo.39andSBQlDNo.41. ' ** 



6. A method according to claim 5 wherein the biological sample is a bodily fluid or 
10 tissue sample 



A method according to claims 5 or 6 wherein wherein the amount of protein that 
modulates CRH signaling is being determined using an antibody which binds to 
a polypeptide comprising an amino acid sequence selected from the group 
consisting of SEQ ID NO.IO, SEQ ID 12, SEQ ID.NO.14. SEQ ID NO.16. SEQ 
ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO.33, 
SEQ JD NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41. 



15 



20 



25 



30 



9. 



A method according to claims 5 or 6 wherein the amount of protein that 
modulates CRH signaling is being determined by assessing the level of gene 
transcription of a gene encoding an amino acid sequence selected from the 
group consisting of SEQ ID NO.IO, SEQ ID 12, SEQ ID NO.14, SEQ ID 
NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO-24 SEQ 
ID NO.33, SEQ ID NO.35. SEQ ID NO.37, SEQ ID No39 and SEQ ID No.41. 

A method according to claim 8 wherein the level of gene transcription is being 
assessed using a probe which binds to a polynucleotide encoding an amino acid 
sequence selected from the group consisting of SEQ ID NO.IO, SEQ ID 12 
SEQ ID NO.14, SEQ JD NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37 SEQ 
ID No.39 and SEQ ID No.41. 



10. 



A method according to claim 3 wherein the level of gene expression is 
detennined using microarray technology. 
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A method for identifying a compound capable to alter the CRH signalling 
response in a cell, said method comprising; 

a) contacting said cell with CRH in the presence and absence of said compound; 

b) determine me amount of at least one protein that modulates corticotropin 
releasing hormone (CRH) signaling in said cell; and- : 

c) compare the amount of said protein in the presence and absence of said 
compound; 

whereby the protein that modulates corticotropin releasing hormone (CRH) 
signaling is being selected from the group consisting of SEQ ID NO.10, SEQ ID 
12, SEQ ID NO.14, SEQ ID NO.16, SEQ ID NOJ8, SEQ ID NO.20.' SEQ ID 
NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37 SEQ 
ID No.39 and SEQ ID No.41. 



A method according to claim 11 wherein the cell is a eukaryotic cell such as the 
murine pituitary corticotroph-derived adenoma cell line AtT-20. 



13. A method according to claims 11 or 12 wherein the amount of protein that 
modulates CRH signaling is being determined using an antibody which binds to 
a polypeptide comprising an amino acid sequence selected from the group 
consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID NO.16, SEQ 
ID NO.18, SEQ ID NO.20. SEQ ID NO.22, SEQ ID NO.24, SEQ ID NO-33 
SEQ ID NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41. 



A method according to claims 11 or 12 wherein the amount of protein that 
modulates CRH signaling is being determined by assessing the level of gene 
transcription of a gene encoding an amino acid sequence selected from the 
group consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14, SEQ ID 
NO.16, SEQ ED NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ 
ID NO.33, SEQ ID NO.35, SEQ ID NO.37. SEQ ID No.39 and SEQ ID No.41 



15. A method according to claim 14 wherein the level of gene transcription is being 
assessed using a probe which binds to a polynucleotide encoding an amino acid 
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sequence selected from the group consisting of SEQ ID NO.10, SEQ ID 12, 
SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID NO.24. SEQ ID NO.33, SEQ ID NO.35, SEQ ID N0.37, SEQ 
ID No.39 and SEQ ID No.41. 

16. A method according to claims 14 or 15 wherein the level of gene expression is 
analysed using microarray technology. 



A method for identifying a compound capable to alter the CRH signalling 
response activity in a cell, said method comprising; 

a) contacting a cell which expresses at least one protein comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO.10, SEQ ID 12, SEQ 
ID NO.14, SEQ ID NO.16, SEQ ID NO.18. SEQ ID NO.20, SEQ ID NO.22, 
SEQ ID NO.24, SEQ ID NO 33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID 
No.39 and SEQ ID No.4l, with said test compound; and 

b) compare the CRH response activity of said cell in me presence and absence of 
said compound. 



18. A method according to claim 17 wherein the cell is a host cell capable to 
express at least one protein having an amino acid sequence selected from the 
group consisting of SEQ ID NO.10, SEQ ID 12, SEQ ID NO.14. SEQ ID 
NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID NO.22, SEQ ID NO.24, SEQ 
ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ ID No.39 and SEQ ID No.41. 

19. A method according to claim 18 wherein the host cell is transfected with at least 
one vector comprising a regulatory sequence. 



A method according to claim 18 wherein the host cell is transfected with at least 
one vector comprising a polynucleotide sequence encoding an amino acid 
sequence selected from the group consisting of SEQ ID NO. 10, SEQ tt> 12, 
SEQ ID NO.14, SEQ ID NO.16, SEQ ID NO.18, SEQ ID NO.20, SEQ ID 
NO.22, SEQ ID NO.24, SEQ ID NO.33, SEQ ID NO.35, SEQ ID NO.37, SEQ 
ID NoJ39 and SEQ ID No.41. 
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An isolated polynucleotide comprising a nucleic acid sequence selected from the 
group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID No.4, 
SEQ ID No.5, SEQ ID No.6, SEQ ID No.7, SEQ D No.8, SEQ ID No.25, SEQ 
ID No.26, SEQ ID No.27. SEQ ID No.28, SEQ ID No.29, SEQ ID No.30 and 
SEQ ID No.31, for use as a marker of CRH signaling in a cell. 



10 



22. An isolated polynucleotide according to claim 21 wherein said polynucleotide is 
mRNA, DNA or cDNA. 



23. An isolated polynucleotide consisting of a nucleic acid sequence selected from 
the group consisting of SEQ ID No.l, SEQ ID No.2, SEQ ID No.3, SEQ ID 
No.4. SEQ ID No,5, SEQ ID No.6, SEQ ID No.7, SEQ D.No.8, SEQ ID No.25, 
SEQ ID No.26, SEQ ID No.27 t SEQ ID No.28, SEQ ID No.29, SEQ ID No.30 

15 and SEQ ID No.31, for use as a marker of CRH signaling in a cell. 

• * * 

24. A vector comprising an isolated polynucleotide according to any one of claims 
21 to 23. 



20 25. A vector according to claim 24 wherein the polynucleotide is operably linked to 
an expression control sequence. 

26. A host cell transfected with a vector according to claims 24 or 25. 
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ABSTRACT 



CRH RESPONSIVE GENES IN CNS 



The present invention relates generally to therapy and diagnosis of 
depression. In particular this invention relates to the polypeptides as well as to the 
polynucleotides encoding these polypeptides, wherein said polypeptides are 
shown to play a central role in mediating the endocrine response to corticotropin 
releasing hormone. These polypeptides and polynucleotides are useful in the 
diagnosis, treatment and/or prevention of depression. 
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Fig.2 continued 
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